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A1 Shape A is similar to shape B A2 Shape C is similar to shape D A3 Do some calculations to A4 The two triangles are similar 

 
Work out the value of x. 

 
Work out the value of x. 

work out if the rectangles are 
mathematically similar. 

 

 
Work out the value of x. 

B1 Shape E is similar to shape F B2 Shape G is similar to shape H B3 Shape M is similar to shape N B4 Shape P is similar to shape Q 
The area of E is 30 cm2 

 

Calculate the area of F. 

The area of G is 210 cm2 

 

Calculate the area of H. 

The height of M is 12 cm. 

 
Calculate the height of N. 

The width of Q is 14 cm. 

 

Find the width of P. 

C1 Cylinders A and B are similar C2 Cylinders A and B are similar C3 Cuboids A and B are similar C4 Cuboids A and B are similar 
Cylinder B is 1.6 times as high as 
cylinder A. 

 
Calculate the surface area of B. 

Cylinder B is 1.4 times as high as 
cylinder A. 

 
Calculate the volume of A. 

The volume of A is 250 cm3. 

 
Calculate the volume of B. 

The surface area of B is 1000 cm2. 

 

Calculate the surface area of A. 
 

2.8 cm 

A B 

x cm 

4 cm 

2.8 cm 

2.8 cm 

Work out the value of x. 

The area of E is 30 cm2. 

Calculate the area of F. 

The width of Q is 14 cm. 
Find the width of P. 

The height of M is 12 cm. 
Calculate the height of N. 

AN = 24 cm2 AM = 54 cm2 

Are the rectangles mathematically 
similar? 

9.6 cm 8 cm 

6.4 cm 

12 cm 

x cm 

4.2 cm 

C D 
9 cm 

9.6 cm 

Work out the value of x. 

x cm 

6 cm 

12 cm 

x cm 

Work out the value of x. 

9 cm 

x cm 
4 cm 

The area of G is 210 cm2. 

Calculate the area of H. 

7 cm 9.8 cm 
E F 10.6 cm 

6 cm G H 
M N 

AP = 64 cm2 AQ = 100 cm2 

P Q 

2.8 cm 

A B 

x cm 

4 cm 

2.8 cm 

2.8 cm 

Work out the value of x. 

The area of E is 30 cm2. 

Calculate the area of F. 

The width of Q is 14 cm. 
Find the width of P. 

The height of M is 12 cm. 
Calculate the height of N. 

AN = 24 cm2 AM = 54 cm2 

Are the rectangles mathematically 
similar? 
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Similar Shapes Revision 
(a) (b) (c) 

Triangles ABC and DEF are similar. 
Calculate 

the lengths 
of DE and 

AC. 

 

Rectangles A and B are mathematically 
similar. The area of A is 40 𝑐𝑚2. Work out 
the area of 
rectangle B. 

 

Find the 
missing length 

𝑥. 
 

(d) (e) (f) 

Cylinders A and B are similar. The volume 
of cylinder B is 

2080 𝑐𝑚3. Find 
the volume of 

cylinder A. 

 

Find the missing  
lengths 𝑥 and 𝑦. 

 

Cuboids A and B are similar. A has a 
volume of 28 𝑐𝑚3 and B has a volume of 
437.5 𝑐𝑚3. 

Find the 
length 𝐿. 

 

(g) (h) (i) 

Cones A and B are mathematically similar. 
Cone A has a volume of 857.5 𝑐𝑚3 and a 
surface area of 73.5 𝑐𝑚2. Cone B has a 

volume of 160 𝑐𝑚3. Find its surface area. 

The area of the 
white triangle is 

18 𝑐𝑚2. Find 
the area of the 
shaded region. 

 

Pentagons A and B are similar. The scale 
factor of their lengths is 𝑥. The area of A is 
12 𝑐𝑚2. If the area of 
B is (16𝑥 + 3) 𝑐𝑚2, 
find the value of 𝑥. 
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cm
3

⑤

11
 c

m

Vo
lu

m
e

= 
 6

86
   

 c
m

3

Vo
lu

m
e

= 
 3

6 
   

cm
3

Le
ng

th
 R

at
io

 
= 

   

Vo
lu

m
e 

Ra
tio

 
= 

   

3 
:  

4

27
  :

  6
4

①

3 
cm

Vo
lu

m
e

= 
 8

5.
3

cm
3

4 
cm

(C
ub

e)

④

25
.7

cm

Vo
lu

m
es

 o
f S

im
ila

r S
ha

pe
s

~
 s

im
ila

r
N

ot
 d

ra
w

n 
to

 sc
al

e
Fo

r e
ac

h 
pa

ir 
of

 si
m

ila
r s

ol
id

s…
1)

Ex
pr

es
s e

ith
er

 th
e 

le
ng

th
 o

r v
ol

um
e 

ra
tio

.
2)

U
se

 th
at

 to
 fi

nd
 th

e 
co

rr
es

po
nd

in
g 

ra
tio

.
3)

U
se

 th
e 

ap
pr

op
ria

te
 ra

tio
 to

 
fin

d 
m

iss
in

g 
le

ng
th

s o
r v

ol
um

es
 (1

dp
). 

Vo
lu

m
e

= 
 7

   
 c

m
3

Le
ng

th
 R

at
io

 
= 

   

Vo
lu

m
e 

Ra
tio

 
= 

   

:  :  

②
3 

cm

Vo
lu

m
e

= 
 3

2.
4

cm
3

5 
cm

Vo
lu

m
e

= 
 7

.0
cm

3

Le
ng

th
 R

at
io

 
= 

   

Vo
lu

m
e 

Ra
tio

 
= 

   

:  :  

③

2 
cm

Vo
lu

m
e

= 
 1

10
   

 c
m

3

5 
cm

Vo
lu

m
e

= 
 5

2.
2

cm
3

Le
ng

th
 R

at
io

 
= 

   

Vo
lu

m
e 

Ra
tio

 
= 

   

:  :  
Vo

lu
m

e
= 

 2
80

   
 c

m
3

Vo
lu

m
e

= 
 5

4 
   

cm
3

⑤

11
 c

m

Vo
lu

m
e

= 
 6

86
   

 c
m

3

Vo
lu

m
e

= 
 3

6 
   

cm
3

Le
ng

th
 R

at
io

 
= 

   

Vo
lu

m
e 

Ra
tio

 
= 

   

3 
:  

4

27
  :

  6
4

①

3 
cm

Vo
lu

m
e

= 
 8

5.
3

cm
3

4 
cm

(C
ub

e)

④

25
.7

cm
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S
ca

lin
g

 3
d

 S
h

ap
es

E
xe

rc
is

e

D
ia

gr
am

s 
ar

e 
no

t d
ra

w
n 

to
 s

ca
le

.

7c
m

14
cm

A
B

A
B

15
cm

10
cm

R
ad

iu
s

=
9c

m
R

ad
iu

s
=

12
cm

A
B

A
B

10
cm

6c
m

a)
b)

c)
d)

1.
Fo

r e
ac

h 
pa

ir 
of

 s
im

ila
r s

ha
pe

s,
 w

or
k 

ou
t  

vo
lu

m
e 

o
f 

A
 :

 v
o

lu
m

e 
o

f 
B

.
G

iv
e 

yo
ur

 a
ns

w
er

s 
in

 th
e 

si
m

pl
es

t f
or

m
.

4c
m

12
cm

2.
Tw

o 
bl

oc
ks

 a
re

 c
ut

 fr
om

 th
e 

sa
m

e 
pi

ec
e 

of
 w

oo
d,

 
as

 s
ho

w
n.

 T
he

 tw
o 

bl
oc

ks
 a

re
 s

im
ila

r c
ub

oi
ds

.
A

B

a)
Th

e 
vo

lu
m

e 
of

 b
lo

ck
 A

 is
 5

0c
m

3
 

W
or

k 
ou

t t
he

 v
ol

um
e 

of
 b

lo
ck

 B
.

b)
Th

e 
m

as
s 

of
 b

lo
ck

 B
 is

 5
.4

kg
.

W
or

k 
ou

t t
he

 m
as

s 
of

 b
lo

ck
 A

.

W
or

k 
ou

t t
he

 c
ap

ac
ity

 o
f t

he
 s

m
al

le
r c

on
ta

in
er

.

4.
Tw

o 
co

nt
ai

ne
rs

 a
re

 in
 th

e 
sh

ap
e 

of
 s

im
ila

r c
yl

in
de

rs
.

Th
e 

co
nt

ai
ne

rs
 h

av
e 

di
am

et
er

s 
of

 1
2c

m
 a

nd
 1

6c
m

.
Th

e 
la

rg
er

 c
on

ta
in

er
 h

as
 a

 c
ap

ac
ity

 o
f 1

.6
 li

tre
s.

3.
Tw

o 
si

m
ila

r o
ct

ah
ed

ra
 a

re
 s

ho
w

n.
Th

e 
sm

al
le

r o
ct

ah
ed

ro
n 

ha
s 

a 
vo

lu
m

e 
of

 6
.4

cm
3
.

W
or

k 
ou

t t
he

 v
ol

um
e 

of
 th

e 
la

rg
er

 o
ct

ah
ed

ro
n.

48
m

m
72

m
m

P
ag

e 
1

w
w

w
.M

at
hs

P
ad

.c
o.

uk
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x 
cm

24
cm

8c
m

y 
cm

A
B

W
or

k 
ou

t t
he

 v
al

ue
s 

of
 x

 a
nd

 y
.

7.
S

ha
pe

 B
 is

 a
n 

en
la

rg
em

en
t o

f s
ha

pe
 A

.
Th

e 
vo

lu
m

e 
of

 B
 is

 7
2.

8%
 la

rg
er

 th
an

 th
e

vo
lu

m
e 

of
 A

.

X
Y

W
or

k 
ou

t t
he

 v
al

ue
 o

f w
.

5.
X

 a
nd

 Y
 a

re
 s

im
ila

r p
yr

am
id

s.
Th

e 
vo

lu
m

e 
of

 X
 is

 1
35

cm
3
.

Th
e 

vo
lu

m
e 

of
 Y

 is
 4

0c
m

3
.

6c
m

w
 c

m

P

Q

W
or

k 
ou

t t
he

 h
ei

gh
t o

f Q
.

6.
P

 a
nd

 Q
 a

re
 s

im
ila

r p
ris

m
s.

Th
e 

vo
lu

m
e 

of
 P

 is
 2

00
0c

m
3
.

Th
e 

vo
lu

m
e 

of
 Q

 is
 6

86
cm

3
.

Th
e 

he
ig

ht
 o

f P
 is

 2
0c

m
.

8.
A

 a
nd

 B
 a

re
 tw

o 
si

m
ila

r 3
D

 s
ha

pe
s.

S
ur

fa
ce

 a
re

a 
of

 A
 : 

su
rfa

ce
 a

re
a 

of
 B

 =
 4

 : 
9.

a)
W

or
k 

ou
t t

he
 ra

tio
 o

f t
he

 v
ol

um
e 

of
 A

to
 

th
e 

vo
lu

m
e 

of
 B

 in
 th

e 
si

m
pl

es
t f

or
m

.

b)
Th

e 
vo

lu
m

e 
of

 A
 is

 7
6c

m
3
.

W
or

k 
ou

t t
he

 v
ol

um
e 

of
 B

.

A
B

W
or

k 
ou

t t
he

 v
ol

um
e 

of
 B

 in
 te

rm
s 

of
 π

.

9.
A

 a
nd

 B
 a

re
 tw

o 
si

m
ila

r c
yl

in
de

rs
.

Th
e 

su
rfa

ce
 a

re
a 

of
 A

 is
 1

50
π 

cm
2
.

Th
e 

su
rfa

ce
 a

re
a 

of
 B

 is
 75 2
π 

cm
2
.

Th
e 

vo
lu

m
e 

of
 A

 is
 2

50
π 

cm
3
.

A
B

10
.

A
 a

nd
 B

 a
re

 tw
o 

si
m

ila
r f

ru
st

um
s.

V
ol

um
e 

of
 A

 : 
vo

lu
m

e 
of

 B
 =

 6
4 

: 2
7.

Th
e 

su
rfa

ce
 a

re
a 

of
 A

 is
 7

2 π
 c

m
2
.

W
or

k 
ou

t t
he

 s
ur

fa
ce

 a
re

a 
of

 B
.

A
B

P
ag

e 
2

w
w

w
.M

at
hs

P
ad

.c
o.

uk
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Le
ng

th
s,

 A
re

as
 &

 V
ol

um
es

 o
f S

im
ila

r S
ha

pe
s

N
ot

 d
ra

w
n 

to
 sc

al
e

1)
Ex

pr
es

s t
he

 le
ng

th
, a

re
a 

or
 v

ol
um

e 
ra

tio
.

2)
U

se
 th

at
 to

 fi
nd

 th
e 

co
rr

es
po

nd
in

g 
ra

tio
s.

3)
U

se
 th

e 
ap

pr
op

ria
te

 ra
tio

 to
 fi

nd
 th

e 
m

iss
in

g 
m

ea
su

re
m

en
ts

 (1
dp

). 

Vo
lu

m
e

= 
 9

 c
m

3

②
2 

cm

Vo
lu

m
e

= 
 3

0.
4

cm
3

3 
cm

③

11
 c

m

Vo
lu

m
e

= 
 4

0 
cm

3

⑤

Su
rf

ac
e 

Ar
ea

= 
 7

0 
cm

2

Le
ng

th
 R

at
io

 
= 

   

Ar
ea

 R
at

io
 

=

Vo
lu

m
e 

Ra
tio

 
= 

   

3 
:  

5

9 
 : 

 2
5

27
  :

  1
25

①

3 
cm

Su
rf

ac
e 

Ar
ea

= 
 1

94
.4

cm
2

5 
cm

(S
qu

ar
e)

④

(C
ub

e)

Su
rf

ac
e 

Ar
ea

= 
 1

6 
cm

2
Su

rf
ac

e 
Ar

ea
= 

 4
9 

cm
2

Le
ng

th
 R

at
io

 
=

Ar
ea

 R
at

io
 

=
Vo

lu
m

e 
Ra

tio
 

= 
   

:  :  :  

Le
ng

th
 R

at
io

 
=

Ar
ea

 R
at

io
 

=
Vo

lu
m

e 
Ra

tio
 

= 
   

:  :  :  

Le
ng

th
 R

at
io

 
=

Ar
ea

 R
at

io
 

=
Vo

lu
m

e 
Ra

tio
 

= 
   

:  :  :  

6.
3

cm

Su
rf

ac
e 

Ar
ea

= 
 5

0 
cm

2

Vo
lu

m
e

= 
 6

9.
1

cm
3

Su
rf

ac
e 

Ar
ea

= 
 7

2 
cm

2

Vo
lu

m
e

= 
 8

1 
cm

3
Su

rf
ac

e 
Ar

ea
= 

 1
9.

7
cm

2

Vo
lu

m
e

= 
 1

53
6 

cm
3

Su
rf

ac
e 

Ar
ea

= 
 1

40
 c

m
2

Le
ng

th
s,

 A
re

as
 &

 V
ol

um
es

 o
f S

im
ila

r S
ha

pe
s

N
ot

 d
ra

w
n 

to
 sc

al
e

1)
Ex

pr
es

s t
he

 le
ng

th
, a

re
a 

or
 v

ol
um

e 
ra

tio
.

2)
U

se
 th

at
 to

 fi
nd

 th
e 

co
rr

es
po

nd
in

g 
ra

tio
s.

3)
U

se
 th

e 
ap

pr
op

ria
te

 ra
tio

 to
 fi

nd
 th

e 
m

iss
in

g 
m

ea
su

re
m

en
ts

 (1
dp

). 

Vo
lu

m
e

= 
 9

 c
m

3

②
2 

cm

Vo
lu

m
e

= 
 3

0.
4

cm
3

3 
cm

③

11
 c

m

Vo
lu

m
e

= 
 4

0 
cm

3

⑤

Su
rf

ac
e 

Ar
ea

= 
 7

0 
cm

2

Le
ng

th
 R

at
io

 
= 

   

Ar
ea

 R
at

io
 

=

Vo
lu

m
e 

Ra
tio

 
= 

   

3 
:  

5

9 
 : 

 2
5

27
  :

  1
25

①

3 
cm

Su
rf

ac
e 

Ar
ea

= 
 1

94
.4

cm
2

5 
cm

(S
qu

ar
e)

④

(C
ub

e)

Su
rf

ac
e 

Ar
ea

= 
 1

6 
cm

2
Su

rf
ac

e 
Ar

ea
= 

 4
9 

cm
2

Le
ng

th
 R

at
io

 
=

Ar
ea

 R
at

io
 

=
Vo

lu
m

e 
Ra

tio
 

= 
   

:  :  :  

Le
ng

th
 R

at
io

 
=

Ar
ea

 R
at

io
 

=
Vo

lu
m

e 
Ra

tio
 

= 
   

:  :  :  

Le
ng

th
 R

at
io

 
=

Ar
ea

 R
at

io
 

=
Vo

lu
m

e 
Ra

tio
 

= 
   

:  :  :  

6.
3

cm

Su
rf

ac
e 

Ar
ea

= 
 5

0 
cm

2

Vo
lu

m
e

= 
 6

9.
1

cm
3

Su
rf

ac
e 

Ar
ea

= 
 7

2 
cm

2

Vo
lu

m
e

= 
 8

1 
cm

3
Su

rf
ac

e 
Ar

ea
= 

 1
9.

7
cm

2

Vo
lu

m
e

= 
 1

53
6 

cm
3

Su
rf

ac
e 

Ar
ea

= 
 1

40
 c

m
2
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Shape Q Shape R Ratios

25 cm Length

0.2 m2 Area 128:242

13 cm3 Volume

Shape E Shape F Ratios

6 cm Length

20 cm2 Area 4:25

40 cm3 Volume

Shape K Shape L Ratios

84 cm 120 cm Length

5 m2 Area

15 m3 Volume

Shape M Shape N Ratios

2.5 cm Length

13 cm2 Area 18:50

3 cm3 Volume

Shape A Shape B Ratios

1 cm 3 cm Length

5 cm2 Area

3 cm3 Volume

Shape G Shape H Ratios

9 cm Length

144 cm2 Area

3 cm3 Volume 1:216

Shape O Shape P Ratios

24 cm Length

45 cm2 Area

120 cm3 Volume 250:686

Shape C Shape D Ratios

2 cm Length

8 cm2 18 cm2 Area

108 cm3 Volume

Shape I Shape J Ratios

12 cm Length

7 cm2 Area

15 cm3 Volume 125:216

Similar Shapes: Length, Area & Volume Ratios
Here are pairs of shapes – a model & the real-life object (not shown to scale).

Complete each table with measurements & ratios.

Simplify these ratios first.

Answers to 1 dp
where necessary.
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�
   

   
   

   
   
�

!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

� � 	 Qu
es
tio
n	1

:	
Re
cta
ng
le	
EF
GH
	is
	an
	en
lar
ge
me

nt
	of
	re
cta
ng
le	
AB
CD
.	

(a
)
	W
ha
t	is
	th
e	s
ca
le	
fac
to
r	o
f	e
nla

rg
em

en
t?	

	 (b
)			
	H
ow
	m
an
y	t
im
es
	la
rg
er
	is
	th
e	a
re
a	o
f	E
FG
H	
th
an
	AB

CD
?	

Qu
es
tio
n	2

:	
Tr
ian

gle
s	A
BC
	an
d	D

EF
	ar
e	s
im
ila
r.	

Ho
w	
ma

ny
	tim

es
	la
rg
er
	is
	th
e	a
re
a	o
f	A
BC
	th
an
	AB

CD
?	

	 Qu
es
tio
n	3

:	
Ea
ch
	pa
ir	
of	
sh
ap
es
	be
low

	ar
e	s
im
ila
r.	

	
	

Fin
d	t
he
	m
iss
ing

	ar
ea
s.	

(a
)	

	
	

	
	

	
	

(b
)	

	 	 (c)
	

	
	

	
	

	
	

(d
)	

Ex
am

ple
s

W
or
ko
ut
	1

©
 C

O
R

BE
TT

M
AT

H
S 

20
21

Cli
ck
	he
re

Cli
ck
	he
re

Sim
ila
r	S
ha
pe
s:	
Ar
ea

Sim
ila
r	S
ha
pe
s:	
Vo
lum

e
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�
   

   
   

   
   
�

!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

	 (e
)	

	
	

	
	

	
	

(f)
	

	 Qu
es
tio
n	4

:	
Ea
ch
	pa
ir	
of	
sh
ap
es
	be
low

	ar
e	s
im
ila
r.	

	
	

Fin
d	t
he
	m
iss
ing

	le
ng
th
s.	

(a
)	

	
	

	
	

	
	

(b
)	

	 (c)
	

	
	

	
	

	
	

(d
)	

Qu
es
tio
n	5

:	
Th
e	s
oli
d	s
ha
pe
s	b
elo
w	
ar
e	m

ath
em

ati
ca
lly
	si
mi
lar
.	

	
	

Fin
d	t
he
	m
iss
ing

	su
rfa
ce
	ar
ea
s.	

(a
)	

	
	

	
	

	
	

		(b
)	

Qu
es
tio
n	6

:	
Th
e	s
oli
d	s
ha
pe
s	b
elo
w	
ar
e	m

ath
em

ati
ca
lly
	si
mi
lar
.	

	
	

Fin
d	t
he
	m
iss
ing

	le
ng
th
s.	

(a
)	

	
	

	
	

	
	

		(b
)	

©
 C

O
R

BE
TT

M
AT

H
S 

20
21
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�
   

   
   

   
   
�

!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

� Qu
es
tio
n	1

:	
Cu
be
	B	
is	
an
	en
lar
ge
me

nt
	of
	cu
be
	A.
	

(a
)		W

ha
t	is
	th
e	s
ca
le	
fac
to
r	o
f	e
nla

rg
em

en
t?	

(b
)		H

ow
	m
an
y	t
im
es
	la
rg
er
	is
	th
e	s
ur
fac
e	a
re
a	o
f	B
	th
an
	A?
	

(c)
		H
ow
	m
an
y	t
im
es
	la
rg
er
	is
	th
e	v
olu

me
	of
	cu
be
	B	
th
an
	A?
	

Qu
es
tio
n	2

:			
Co
ne
s	C
	an
d	D

	ar
e	s
im
ila
r.	

Ho
w	
ma

ny
	tim

es
	la
rg
er
	is
	th
e	v
olu

me
	of
	D
	th
an
	C?
	

Qu
es
tio
n	3

:			
	T
he
	so
lid
s	b
elo
w	
ar
e	m

ath
em

ati
ca
lly
	si
mi
lar
.	

	
	

Fin
d	t
he
	m
iss
ing

	vo
lum

es
.	

(a
)	

	
	

	
	

	
	

(b
)	

	 (c)
	

	
	

	
	

	
	

(d
)	

Qu
es
tio
n	4

:	
Th
e	s
oli
d	s
ha
pe
s	b
elo
w	
ar
e	m

ath
em

ati
ca
lly
	si
mi
lar
.	

	
	

Fin
d	t
he
	m
iss
ing

	le
ng
th
s.	

	 (a
)	

	
	

	
	

	
	

(b
)	

W
or
ko
ut
	2

©
 C

O
R

BE
TT

M
AT

H
S 

20
21
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�
   

   
   

   
   
�

!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

	 (c)
	

	
	

	
	

	
	

(d
)	

Qu
es
tio
n	5

:	
Th
e	s
oli
d	s
ha
pe
s	b
elo
w	
ar
e	s
im
ila
r.	

	
	

Fin
d	t
he
	m
iss
ing

	vo
lum

es
.	

	 (a
)	

	
	

	
	

	
	

(b
)	

	 (c)
	

	
	

	
	

	
	

(d
)	

Qu
es
tio
n	6

:	
Th
e	s
oli
d	s
ha
pe
s	b
elo
w	
ar
e	s
im
ila
r.	

	
	

Fin
d	t
he
	m
iss
ing

	su
rfa
ce
	ar
ea
s.	

	 (a
)	

	
	

	
	

	
	

(b
)	
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�
   

   
   

   
   
�

!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

�
	

Qu
es
tio
n	1

:	
A	a

nd
	B	
ar
e	m

ath
em

ati
ca
lly
	si
mi
lar
.	

	
	

Th
e	h
eig
ht
	of
	A	
:	th

e	h
eig
ht
	of
	B	
=	3

	:	5
	

	
	

(a
)		F

ind
	th
e	s
ur
fac
e	a
re
a	o
f	A
	:	t
he
	su
rfa
ce
	ar
ea
	of
	B	

	
	

(b
)		F

ind
	th
e	v
olu

me
	of
	A	
:	th

e	v
olu

me
	of
	B	

	 Qu
es
tio
n	2

:	
So
lid
s	C
	an
d	D

	ar
e	s
im
ila
r.	

	
	

Th
e	l
en
gth

	of
	C	
:	th

e	l
en
gth

	of
	D
	=	
9	:
	2	

	
	

(a
)		F

ind
	th
e	s
ur
fac
e	a
re
a	o
f	C
	:	t
he
	su
rfa
ce
	ar
ea
	of
	D
	

	
	

(b
)		F

ind
	th
e	v
olu

me
	of
	C	
:	th

e	v
olu

me
	of
	D
	

	 Qu
es
tio
n	3

:	
Sh
ow
n	a
re
	sp
he
re
s	E
	an
d	F
.	

	
	

Th
e	s
ur
fac
e	a
re
a	o
f	E
	:	t
he
	su
rfa
ce
	ar
ea
	of
	F	
=	4

	:	4
9	

	
	

(a
)		F

ind
	th
e	d
iam

ete
r	o
f	E
	:	t
he
	di
am

ete
r	o
f	F
	

	
	

(b
)		F

ind
	th
e	v
olu

me
	of
	E	
:	th

e	v
olu

me
	of
	F	

	 Qu
es
tio
n	4

:	
Sh
ow
n	a
re
	si
mi
lar
	so
lid
s	G
	an
d	H

.	

	
	

Th
e	v
olu

me
	of
	G	
:	th

e	v
olu

me
	of
	H
	=	
27
	:	1
00
0	

	
	

(a
)		F

ind
	th
e	h
eig
ht
	of
	G	
:	th

e	h
eig
ht
	of
	H
	

	
	

(b
)		F

ind
	th
e	s
ur
fac
e	a
re
a	o
f	G
	:	t
he
	su
rfa
ce
	ar
ea
	of
	H
	

Qu
es
tio
n	5

:	
Th
e	s
ur
fac
e	a
re
as
	of
	tw

o	s
im
ila
r	s
ha
pe
s	a
re
	in
	th
e	r
ati
o		
�

	
	

	
Th
e	l
en
gth

	of
	th
e	s
ma

lle
r	s
ha
pe
	is
	30

cm
.	

	
	

W
or
k	o
ut
	th
e	l
en
gth

	of
	th
e	l
ar
ge
r	s
ha
pe
.	

Qu
es
tio
n	6

:	
Th
e	v
olu

me
s	o
f	t
wo
	si
mi
lar
	sh
ap
es
	ar
e	i
n	t
he
	ra
tio
		�

	
	

	
Th
e	s
ur
fac
e	a
re
a	o
f	t
he
	la
rg
er
	sh
ap
e	i
s	2
50
cm
²	

	
	

W
or
k	o
ut
	th
e	s
ur
fac
e	a
re
a	o
f	t
he
	sm

all
er
	sh
ap
e.	

	
	

W
or
ko
ut
	3

25
:8

1

10
00

:2
7
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�
   

   
   

   
   
�

!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

�
	

Qu
es
tio
n	1

:	
My
les
	sa
ys
	th
at	
th
e	s
ur
fac
e	a
re
a	o
f	B
	is
		

	
	

th
re
e	t
im
es
	la
rg
er
	th
an
	th
e	s
ur
fac
e	a
re
a	

	
	

of	
A.	

	
	

Ex
pla
in	
wh
y	M

yle
s	i
s	i
nc
or
re
ct.
	

	 Qu
es
tio
n	2

:	
Tw

o	v
as
es
	ar
e	s
im
ila
r.	

	
	

Th
e	s
ma

lle
r	v
as
e	h
old

s	8
00
ml
.	

	
	

Ho
w	
mu

ch
	do
es
	th
e	l
ar
ge
r	v
as
e	h
old

?	

Qu
es
tio
n	3

:	
Tw

o	b
ar
re
ls	
ar
e	m

ath
em

ati
ca
lly
	si
mi
lar
.	

	
	

It	
tak

es
	90

ml
	of
	pa
int
	to
	pa
int
	th
e	s
ma

lle
r	b
ar
re
l.	

	
	

Ho
w	
mu

ch
	pa
int
	is
	ne
ed
ed
	fo
r	t
he
	la
rg
er
	ba
rre
l?	

Qu
es
tio
n	4

:	
A	l
ar
ge
	bo
ttl
e	o
f	c
ola
	is
	16

cm
	ta
ll.	

	
	

A	s
ma

ll	b
ot
tle
	of
	co
la	
is	
12
cm
	ta
ll.	

	
	

Th
e	b
ot
tle
s	a
re
	m
ath

em
ati
ca
lly
	si
mi
lar
.	

	
	

Fe
rn
an
do
	cl
aim

s	t
he
	sm

all
	bo
ttl
e	c
on
tai
ns
	th
re
e-q

ua
rte
rs	
of	
th
e	a
mo

un
t	o
f	c
ola
	

	
	

th
an
	th
e	l
ar
ge
	bo
ttl
e.	

	
	

Sh
ow
	Fe
rn
an
do
	is
	w
ro
ng
.	

Qu
es
tio
n	5

:	
Ni
na
	bo
ug
ht
	a	
to
y	t
ha
t	g
ro
ws
	w
he
n	p

lac
ed
	in
	w
ate
r.	

	
	

Be
for
e	p
lac
ing

	th
e	t
oy
	in
	w
ate
r,	i
t	w
as
	4c
m	
tal
l.	

	
	

Af
ter
	pl
ac
ing

	th
e	t
oy
	in
	w
ate
r	i
t	g
re
w	
to
	a	
sim

ila
rly
		

	
	

sh
ap
ed
	to
y	t
ha
t	w
as
	11

cm
	ta
ll.	

	
	

Is	
th
e	c
lai
m	
th
at	
it	w

ill	
“g
ro
w	
20
	tim

es
	la
rg
er
”	r
ea
so
na
ble
?	

Qu
es
tio
n	6

:	
Al
ec
	m
ak
es
	tw

o	s
oli
d	m

ath
em

ati
ca
lly
	si
mi
lar
	m
od
els
	of
	th
e	T
ita
nic
.	

	
	

Th
e	s
ma

lle
r	m

od
el	
ha
d	a
	le
ng
th
	of
	10

cm
	

	
	

Th
e	l
ar
ge
r	m

od
el	
ha
d	a
	le
ng
th
	of
	45

cm
	

	
	

Th
e	m

as
s	o
f	t
he
	la
rg
er
	m
od
el	
is	
7.2
9k
g	

	
	

W
or
k	o
ut
	th
e	m

as
s	o
f	t
he
	sm

all
er
	m
od
el.
	

Ap
ply
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�
   

   
   

   
   
�

!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

	 Qu
es
tio
n	7

:	
Be
low

	ar
e	t
wo
	si
mi
lar
	co
ne
s.	

	
	

An
na
	sa
ys
	th
e	v
olu

me
	of
	A	
is	
ap
pr
ox
im
ate
ly	
11
%
	of
	th
e	v
olu

me
	of
	B.
	

	
	

Is	
An
na
	co
rre
ct?
	Ex
pla
in	
yo
ur
	an
sw
er.
	

Qu
es
tio
n	8

:	
Re
cta
ng
les
	A	
an
d	B

	ar
e	s
im
ila
r.	

	
	

Th
e	a
re
a	o
f	r
ec
tan

gle
	A	
is	
24
0		

	
	

Th
e	a
re
a	o
f	r
ec
tan

gle
	B	
is	
15
.	

	
	

Fin
d	t
he
	co
or
din

ate
s	o
f	t
he
	po
int
	C.
	

Qu
es
tio
n	9

:	
Cy
lin
de
rs	
A	a

nd
	B	
ar
e	s
im
ila
r.	

	
	

	
	

Vo
lum

e	B
		�

		=
		V
olu

me
	A	

	
	

Fin
d	t
he
	ra
diu

s	o
f	c
yli
nd
er
	B.
	

Qu
es
tio
n	1

0:	
A,	
B	a

nd
	C	
ar
e	s
im
ila
r.	

	
	

Th
e	v
olu

me
	of
	A	
is	
72
9c
m³
	an
d	t
he
	vo
lum

e	o
f	B
	is
	64

cm
³.	

	
	

Th
e	s
ur
fac
e	a
re
a	o
f	B
	is
	25

cm
²	a
nd
	th
e	s
ur
fac
e	a
re
a	o
f	C
	is
	12

1c
m²
.	

	
	

Fin
d	t
he
	ra
tio
			l
en
gth

	of
	A	
:	le
ng
th
	of
	B	
:	le
ng
th
	of
	C	

Qu
es
tio
n	1

1:	
Sh
ap
es
	A,
	B	
an
d	C

	ar
e	s
im
ila
r.	

	
	

Th
e	h
eig
ht
	of
	sh
ap
e	A

	is
	8c
m.
	

	
	

Th
e	h
eig
ht
	of
	sh
ap
e	C
	is
	4c
m.
	

	
	

Th
e	r
ati
o	o
f	t
he
	su
rfa
ce
	ar
ea
	of
	sh
ap
e	B

	to
	th
e	s
ur
fac
e	a
re
a	o
f	s
ha
pe
	C	
is	
25
:9	

	
	

W
or
k	o
ut
	th
e	r
ati
o	o
f	t
he
	vo
lum

e	o
f	s
ha
pe
	A	
to
	sh
ap
e	B

.	

×
51

2 27
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!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

Qu
es
tio
n	1

2:	
Tw

o	s
oli
d	t
oy
s,	
C	a
nd
	D
,	a
re
	si
mi
lar
.	

	
	

Th
e	v
olu

me
	of
	to
y	C
	is
	40

cm
³	

	
	

Th
e	s
ur
fac
e	a
re
a	o
f	C
	:	s
ur
fac
e	a
re
a	o
f	D
	=	
2	:
	9	

	
	

W
or
k	o
ut
	th
e	v
olu

me
	of
	to
y	D

.	
	 Qu
es
tio
n	1

3:	
W
as
hin

g	p
ow
de
r	i
s	s
old

	in
	tw

o	d
iff
er
en
t	s
ize
s,	
a	l
ar
ge
	bo
x	A

	an
d	a
	sm

all
er
	bo
x	B
.	

	
	

Cu
bo
id	
bo
xe
s	A
	an
d	B

	ar
e	s
im
ila
r.	

	
	

Su
rfa
ce
	ar
ea
	of
	A	
:	S
ur
fac
e	a
re
a	o
f	B
	=	
81
	:	4
	

	
	

Ho
w	
ma

ny
	sm

all
er
	bo
xe
s,	
B,	
ca
n	b

e	c
om

ple
tel
y	e
ille
d	u

sin
g	t
he
	co
nt
en
ts	
of	
a	f
ull
		

	
	

bo
x	A

?	

Qu
es
tio
n	1

4:	
Py
ra
mi
d	A

	an
d	p
yr
am

id	
B	a

re
	si
mi
lar
.	

	
	

Th
e	s
ur
fac
e	a
re
a	o
f	B
	is
	42

.25
	tim

es
	la
rg
er
	th
an
	th
e	s
ur
fac
e	a
re
a	o
f	A
.	

	
	

Fin
d	t
he
	ra
tio
	of
	th
e	v
olu

me
	of
	A	
to
	th
e	v
olu

me
	of
	B.
	

Qu
es
tio
n	1

5:	
Cu
bo
ids
	A	
an
d	B

	ar
e	s
im
ila
r	b
ut
	m
ad
e	f
ro
m	
dif
fer
en
t	m

ate
ria
ls.
	

	
	

Bo
th
	cu
bo
ids
	ar
e	p
lac
ed
	on
	a	
tab

le.
	

	
	

Th
e	p
re
ss
ur
e	o
n	t
he
	ta
ble
	du

e	t
o	c
ub
oid

	A	
is	
3.5
	ne
wt
on
s/
cm
²	

	
	

Cu
bo
id	
A	e

xe
rts
	a	
for
ce
	of
	42

0N
	on
	th
e	t
ab
le.
	

	
	

Th
e	p
re
ss
ur
e	o
n	t
he
	ta
ble
	du

e	t
o	c
ub
oid

	B	
is	
4	t
im
es
	la
rg
er
	th
an
	cu
bo
id	
A.	

	
	

W
or
k	o
ut
	th
e	f
or
ce
	ex
er
ted

	by
	cu
bo
id	
B	o

n	t
he
	ta
ble
.	
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!
Sim

ila
r	S
ha
pe
s:	
Ar
ea
	&
	Vo
lum

e	
Vi
de
os
	29

3a
	&
	29

3b
	on
	Co
rb
ett
ma

th
s

Qu
es
tio
n	1

6:	
	O
rn
am

en
t	A
	an
d	B

	ar
e	m

ath
em

ati
ca
lly
	si
mi
lar
.	

	
	

Th
ey
	ar
e	s
oli
d	a
nd
	bo
th
	m
ad
e	f
ro
m	
co
pp
er
	an
d	z
inc
	in
	th
e	r
ati
o	3
:2	

	
	

Or
na
me

nt
	A	
ha
s	a
	he
igh

t	o
f	5
cm
	an
d	v
olu

me
	of
	30

cm
³	

	
	

Or
na
me

nt
	B	
ha
s	a
	he
igh

t	o
f	1
8c
m.
	

	
	

Th
e	d
en
sit
y	o
f	c
op
pe
r	i
s	8
.96
g/
cm
³	

	
	

Th
e	d
en
sit
y	o
f	z
inc
	is
	7.
13
g/
cm
³	

	
	

W
or
k	o
ut
	th
e	d
iff
er
en
ce
	in
	m
as
s	b
etw

ee
n	o
rn
am

en
t	A
	an
d	o
rn
am

en
t	B
.	

Qu
es
tio
n	1

7:	
	Cy
lin
de
rs	
A	a

nd
	B	
ar
e	s
im
ila
r.	

	
	

Th
e	h
eig
ht
	of
	A	
is	
6c
m.
	

	
	

Th
e	v
olu

me
	of
	A	
is	
24
0c
m³
	to
	2	
sig
nie
ica
nt
	eig
ur
es
.	

	
	

Th
e	h
eig
ht
	of
	B	
is	
15
cm
	an
d	t
he
	vo
lum

e	o
f	B
	is
	y.
	

	
	

W
or
k	o
ut
	th
e	e
rro

r	i
nt
er
va
l	o
f	y
.	

Qu
es
tio
n	1

8:	
Th
e	s
qu
ar
e	b
as
ed
	py
ra
mi
d	A

	is
	di
vid

ed
	in
to
	Py
ra
mi
d	B

	an
d	F
ru
stu

m	
C.	

	
	

(a
)		E

xp
re
ss
	th
e	v
olu

me
	of
	Py
ra
mi
d	B

	as
	a	
fra
cti
on
	of
	th
e	v
olu

me
	of
	Py
ra
mi
d	A

.	
	

	
(b
)		E

xp
re
ss
	th
e	v
olu

me
	of
	Fr
us
tu
m	
C	a
s	a
	fr
ac
tio
n	o
f	t
he
	vo
lum

e	o
f	P
yr
am

id	
A.	

	 	 �
	

An
sw
er
s
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ar
c 
le
ng
th
s

2.
C

al
cu

la
te

 th
e 
p
er
im
et
er

 o
f t

he
se

 s
ha

pe
s,

 c
or

re
ct

 to
 th

e 
ne

ar
es

t 0
.0

1c
m

.

a)
b)

c)

d)
e)

f)

9c
m

80
°

28
5°

1c
m

12
cm

45
°

4c
m

22
1°3.

6c
m

0.
3c

m

11
2°

6.
5c

m
18

0°

15
cm

7.
2c

m

30
1°

70
°

6c
m

9c
m

3c
m

26
5°

1.
4c

m

23
2°

12
cm

8c
m

3c
m

ex
er
ci
se

1.
C

al
cu

la
te

 th
e 

ar
c 

le
ng

th
 o

f e
ac

h 
se

ct
or

, c
or

re
ct

 to
 th

e 
ne

ar
es

t 0
.0

1c
m

.

C
al

cu
la

te
 th

e 
ar

c 
le

ng
th

 o
f t

he
 s

ec
to

r, 
co

rr
ec

t t
o 

th
e 

ne
ar

es
t 0

.0
1c

m
.

4c
m

58
°

ex
am

pl
e

Le
ng

th
 o

f a
n 

ar
c:

θ 36
0

×
2π
r

a)
b)

c)

d)
e)

f)

g)
h)

i)

le
ar
n 
by
 
he
ar
t

Ar
c 

le
ng

th
 =

 58 36
0
×2

× π
×4

= 
4.

05
cm

 (
ne

ar
es

t 
0.

01
cm

)

P
ag

e 
1

w
w

w
.M

at
hs

P
ad

.c
o.

uk
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Arc Length and Perimeter of a Sector 
(a) (b) (c) (d) (e) 

Find the arc length. 
 

Find the arc length. 
 

Find the arc length. Find the arc length.  
 

Find the arc length.  
 

(f) (g) (h) (i) (j) 

Find the perimeter.  
 

Find the perimeter. 
  

Find the perimeter.  
 

Find the perimeter.  Find the perimeter.  

(k) (l) (m) (n) 

Find the perimeter. 
 
 

Find the perimeter. 
 
 

Farmer Jo wants to put a fence 
around his sector-shaped field. 
Fencing costs £18.99 per metre. How 
much will it cost Farmer Jo? 
 
 

The pendulum of a clock is 48 cm long 
and swings through an angle of 15°. 
The pendulum swings back and forth 
every two seconds. How far does the 
end of the pendulum swing in a 
minute? 
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π 

Circumference: Match Three! 
Each of these pictures contains circles or parts of circles. Calculate the total perimeter of 
each shape. Find your answer in terms of Pi and as a decimal in the list below.  

Perimeter in 
terms of π 

Perimeter  
(2 d.p.) 

A  

B  

C  

D  

E  

F  

G  

H  

I  

J  

K  

 

 

 

 

 

 

 

 

 

 

 

www.MathsPad.co.uk 

A B C 

D E F 

G H I 

J 

K 

6 

5π 6π 

2π2 

3π + 6 

1.5π + 6 

4.5π + 6 

3π + 9 

10π + 12 

3π + 12 

5π + 10 

4π + 24 

19.74 

18.85 

20.14 

18.42 

36.57 

10.71 

25.71 

15.71 

43.42 

21.42 
15.42 
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�
   

   
   

   
   
�

!
Ar
c	L
en
gth

	
Vi
de
o	5
8	o
n	w

ww
.co
rb
ett
ma

th
s.c
om

� � Qu
es
tio
n	1

:	
Fo
r	e
ac
h	s
ec
to
r	b
elo
w,
	ca
lcu
lat
e	t
he
	le
ng
th
	of
	th
e	a
rc.
	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	o
ne
	de
cim

al	
pla
ce
	an
d	i
nc
lud

e	s
uit
ab
le	
un
its
.	

	
	

	 (a
)	

	
	

	
(b
)	

	
	

	
(c)
	

	
	

(d
)	

Qu
es
tio
n	2

:		
Fo
r	e
ac
h	s
ec
to
r	b
elo
w,
	ca
lcu
lat
e	t
he
	le
ng
th
	of
	th
e	a
rc.
	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	o
ne
	de
cim

al	
pla
ce
	an
d	i
nc
lud

e	s
uit
ab
le	
un
its
.	

	 (a
)	

	
	

	
(b
)	

	
	

	
(c)
	

	
	

(d
)	

Qu
es
tio
n	3

:	
Fo
r	e
ac
h	s
ec
to
r	b
elo
w,
	ca
lcu
lat
e	t
he
	le
ng
th
	of
	th
e	a
rc.
	

	
	

Le
av
e	y
ou
r	a
ns
we
r	i
n	t
er
ms
	of
	!
	

	 (a
)	

	
	

	
(b
)	

	
	

	
(c)
	

	
	

(d
)	

Qu
es
tio
n	4

:		
Ca
lcu
lat
e	t
he
	pe
rim

ete
r	o
f	e
ac
h	s
ec
to
r	b
elo
w	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	o
ne
	de
cim

al	
pla
ce
	an
d	i
nc
lud

e	s
uit
ab
le	
un
its
.	

	 (a
)	

	
	

	
(b
)	

	
	

	
(c)
	

	
	

(d
)	
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!
Ar
c	L
en
gth

	
Vi
de
o	5
8	o
n	w
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Qu
es
tio
n	5

:		
Ca
lcu
lat
e	t
he
	pe
rim

ete
r	o
f	e
ac
h	s
ec
to
r	b
elo
w	

	
	

Le
av
e	y
ou
r	a
ns
we
r	i
n	t
er
ms
	of
	!
	

	 (a
)	

	
	

	
(b
)	

	
	

	
(c)
	

	
	

(d
)	

Qu
es
tio
n	6

:	
Th
e	a
rc	
len

gth
	of
	ea
ch
	se
cto
r	h
as
	be
en
	gi
ve
n.	

	
	

Ca
lcu
lat
e	x
	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	o
ne
	de
cim

al	
pla
ce
	an
d	i
nc
lud

e	s
uit
ab
le	
un
its
.	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

Qu
es
tio
n	7

:	
Th
e	a
rc	
len

gth
	of
	ea
ch
	se
cto
r	h
as
	be
en
	gi
ve
n.	

	
	

Ca
lcu
lat
e	x
	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

Qu
es
tio
n	8

:	
Th
e	a
rc	
len

gth
	of
	ea
ch
	se
cto
r	h
as
	be
en
	gi
ve
n.	

	
	

Ca
lcu
lat
e	t
he
	si
ze
	of
	th
e	a
ng
le	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	o
ne
	de
cim

al	
pla
ce
.	

(a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

©
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Ar
c	L
en
gth
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o	5
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ma

th
s.c
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Qu
es
tio
n	9

:	
Th
e	p
er
im
ete
r	o
f	e
ac
h	s
ec
to
r	h
as
	be
en
	gi
ve
n.	

	
	

Ca
lcu
lat
e	t
he
	si
ze
	of
	th
e	a
ng
le	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	o
ne
	de
cim

al	
pla
ce
.	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

Qu
es
tio
n	1

0:	
Th
e	p
er
im
ete
r	o
f	e
ac
h	s
ec
to
r	h
as
	be
en
	gi
ve
n.	

	
	

Ca
lcu
lat
e	x
	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	o
ne
	de
cim

al	
pla
ce
.	

(a
)	

	
	

	
	

(b
)	

	
	

	
	

	

	 �
	

Qu
es
tio
n	1

:	
Ca
lcu
lat
e	t
he
	pe
rim

ete
r	o
f	t
he
	se
gm

en
t.	

Qu
es
tio
n	2

:	
Jam

es
	is
	ca
lcu
lat
ing

	th
e	p
er
im
ete
r	o
f	t
he
	se
cto
r.	

	
	

Ca
n	y
ou
	sp
ot
	an
y	m

ist
ak
es
?	
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90o
7cm

lengths of arcs (i)

(1)

what is the length 
of arc AB ?

(2)

69.031cm

(4)

A

15cm the arc EF is to 
have an length of 
50cm

what is the angle?

B
?o

the length of the 
arc CD is 100cm

what is the angle?

E

F

?o

C

D

(3) the radius of the London 
Eye is 60m

there are 32 equally 
spaced capsules

how far is it between two 
adjacent capsules?

40o

(5)

in a 40o (college) 
discus throwing area 

what is the difference 
in arc lengths for the 
60m and 70m arcs?

60m
70m
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lengths of arcs (ii)

(1)

what is the 
perimeter of the 
shape if AB is a 
diameter of the 
larger circle, of 
length 20cm?

(2)A

B

the length of a 
side of the 
equilateral 
triangle is 8cm

what is the total 
distance around 
the three arcs 
(drawn with 
centres on the 
corners of the 
triangle)?

(3)
what is the 
perimeter of the 
shaded shape if a 
square has a 
length of 4cm?

the arcs are 
drawn with 
centres on the 
corners of the 
square
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SECTORS 
ARC LENGTH AND PERIMETER

 
Ref: G426.1R1 

 

© 2017 Maths4Everyone.com Worksheets, Videos, Interactive Quizzes and Exam Solutions 
 

 

A1 Find the length of the arc A2 Work out the perimeter A3 Find the length of the arc A4 Work out the perimeter 

    

B1 Arc length is 32 mm, find x B2 Perimeter is 25 cm, find x B3 Arc length is 9 cm, find r B4 Perimeter is 40 cm, find r 

    

C1 Find the perimeter of the 
shaded shape. 

C2 Find the perimeter of the 
shaded segment. 

C3 OB = BC. Find the perimeter of 
the shaded shape. 

C4 Find length of the band that 
goes around the circles. 
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Ar
ea

s 
of

 S
ec

to
rs

1

Th
e 

ra
di

us
 is

 5
cm

 in
 e

ve
ry

 d
ia

gr
am

.  F
in

d 
th

e 
ar

ea
 o

f e
ac

h 
of

 th
e 

se
ct

or
s.

  

1

45
o

30
o

60
o

12
0o

24
0o

1o
8o

71
o

23
5o

32
1o

xo

2
3

4
5

6

7
8

9

10
11

12

13
14

15
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a)
b)

c)

d)
e)

f)

g)
h)

i)

ar
ea
: 
se
ct
or
s 
of
 
ci
rc
le
s

ex
er
ci
se

2.
C

al
cu

la
te

 th
e 

ar
ea

 o
f t

he
se

 s
ha

pe
s,

 c
or

re
ct

 to
 th

e 
ne

ar
es

t 0
.0

1c
m

2.
  

1.
C

al
cu

la
te

 th
e 

ar
ea

 o
f t

he
se

 s
ha

pe
s,

 c
or

re
ct

 to
 th

e 
ne

ar
es

t 0
.0

1c
m

2.
 

a)
b)

c)

60
°

4c
m

45
°

7c
m

15
0°

3c
m

16
5°

8c
m

29
5°

9c
m

10
cm

27
°

12
0°6c

m
18

2°
2c

m
31

2°

4c
m

6c
m

4c
m

8c
m

5c
m

6c
m
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cm

C
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la
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 th

e 
ar

ea
 o

f t
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 s
ec

to
r, 
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rr

ec
t t

o 
th

e 
ne

ar
es

t 0
.0

1c
m

2
.

10
5°

6c
m

ex
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e

A
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a 
of

 a
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ec
to

r
θ 36
0

×
πr

2
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n 
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t
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=
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5
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0
×
π

×
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m
2
 (
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t 

0.
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2
)

w
w

w
.M
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P
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.c
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π 

area: Match Three! 
Each of these pictures contains circles or parts of circles. Calculate the total area of each 
shape. Find your answer in terms of Pi and as a decimal in the list below.  

Area in terms  
of π 

Area  
(2 d.p.) 

A  

B  

C  

D  

E  

F  

G  

H  

I  

J  

K  

 

 

 

 

 

 

 

 

 

 

 

www.MathsPad.co.uk 

A B C 

D E F 

G H I 

J 

K 

6 

π3 

4.5π  14.14 

6.75π  

30π  

6.75π  

9π  

2.25π  

64 + 8π  

32 + 8π  

21 + 7.25π  

16π  

94.25 

28.27 

89.13 

21.21 

31.01 

57.13 

21.21 

50.27 

7.07 

43.78 
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Area of a Sector 
(a) (b) (c) (d) (e) 

Find the area. 
 

Find the area.  Find the area.  Find the area.  Find the area.  

(f) (g) (h) (i) (j) 

Find the area.  Find the area.  Find the area.  Find the area.  Find the area.  

(k) (l) (m) (n) 

Find the area. 
 

Find the area. 
 

Tia wants a fan-shaped mirror, as 
shown in the diagram. Mirrored glass 
costs £82.50 per 𝑚2. How much will 
Tia’s mirror cost to make? 
 

Pablo has a sector-shaped swimming 
pool with dimensions shown. He wants 
to fill his pool to a depth of 1.8 m. 
How many litres of water will he need? 
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!
Ar
ea
:	S
ec
to
rs	

Vi
de
o	4
6	o
n	w
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.co
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� � Qu
es
tio
n	1

:	
Ca
lcu
lat
e	t
he
	ar
ea
	of
	ea
ch
	of
	th
e	f
oll
ow
ing

	se
cto
rs.
	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	on
e	d
ec
im
al	
pla
ce
	an
d	i
nc
lud

e	u
nit
s.	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

	 	 (d
)	

	
	

	
	

(e
)	

	
	

	
	

(f)
	

	 	 (g
)	

	
	

	
	

(h
)	

	
	

	
	

(i)
	

Qu
es
tio
n	2

:	
Ca
lcu
lat
e	t
he
	ar
ea
	of
	ea
ch
	of
	th
es
e	s
ec
to
rs.
	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	2	
de
cim

al	
pla
ce
s	a
nd
	in
clu
de
	su
ita
ble
	un

its
.	

(a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
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W
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	 	 (d
)	

	
	

	
	

(e
)	

	
	

	
	

(f)
	

	 (g
)	

	
	

	
	

(h
)	

	
	

	
	

(i)
	

Qu
es
tio
n	3

:	
Fin

d	t
he
	ar
ea
	of
	th
es
e	s
ec
to
rs.
	

	
	

Le
av
e	y
ou
r	a
ns
we
r	i
n	t
er
ms
	of
	!
	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

	 	 (d
)	

	
	

	
	

(e
)	

	
	

	
	

(f)
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Ar
ea
:	S
ec
to
rs	

Vi
de
o	4
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Qu
es
tio
n	4

:	
Th
e	a
re
as
	of
	th
es
e	s
ec
to
rs	
ha
ve
	be
en
	gi
ve
n.	

	
	

Ca
lcu
lat
e	x
.	

(a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

Qu
es
tio
n	5

:	
Th
e	a
re
as
	of
	th
es
e	s
ec
to
rs	
ha
ve
	be
en
	gi
ve
n.	

	
	

Ca
lcu
lat
e	t
he
	m
iss
ing

	an
gle
s.	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

Qu
es
tio
n	6

:	
Th
e	a
re
as
	th
es
e	s
ec
to
rs	
ha
ve
	be
en
	gi
ve
n	i
n	t
er
ms
	of
	!
.	

	
	

W
or
k	o
ut
	x	

(a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

	 �
	

Qu
es
tio
n	1

:	
Th
e	p
er
im
ete
r	o
f	t
he
	se
cto
r	b
elo
w	
is	
10
3c
m	

	
	

Fin
d	t
he
	ar
ea
	of
	th
e	s
ec
to
r	
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�                �

! Area:	Sectors	
Video	46	on	www.corbettmaths.com

	
Question	2:	 These	two	sectors	have	the	same	area.		
	 	 James	says	x	is	2cm.		
	 	 Is	he	correct?	

	

� 	
Answers

© CORBETTMATHS 2018

Click	here
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Ci
rcl

e S
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to
r P

ro
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Fin
d t
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 p
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d s
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n 
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ww
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o.u
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m 
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o  

9.
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1.4
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113o
6cm

areas of sectors (i)

(1)
what is the area 
of sector A ?

(2)

18cm

(3)

A

6cm

sector C is to have 
an area of 
60.0044cm2

what angle must it 
have?

B

113o

what is the area 
of sector B ?

C

7m

D

?o ?o

sector D is to have 
an area of       
91.08m2

what angle must it 
have?

radius = 23cm
angle = 305o

radius = 46cm
angle = 76.25o

E F

which sector (E or F) 
has a bigger area?

explain your answer

(4)

(5)
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72o
4cm

?o

12cm

areas of sectors (ii)

(1)
the two sectors A and B are to 
have exactly the same area

what angle must sector B have?

(2)

5cm

the sector (with a radius of 5cm) is to have an area of 40cm2

(a) what angle must the sector have?

what angle do you need for an area of 40cm2 for a 
sector with radius (b) 4cm  (c) 6cm ?

(give your answers correct to the nearest 0.1o)

(3)

A
B

38o

?cm what radius must the sector have 
so that the area of the sector is 
65cm2 ?

?o



Exam Question

Page 84



Purposeful Practice

Page 85

A
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a 
an
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er
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SECTORS 
AREAS

 
Ref: G426.2R1 

 

© 2017 Maths4Everyone.com Worksheets, Videos, Interactive Quizzes and Exam Solutions 
 
 

 

A1 Find the area. A2 Find the area. A3 Find the area. A4 Find the area. 

    

B1 The area is 75 cm2, find x B2 The area is 20 cm2, Find r B3 The area is 65 cm2, Find r B4 The area is 8 cm2, find x 

    

C1 Find the shaded area. C2 Find the shaded area. C3 Find the shaded area. 
 

 

C4 The area of the shaded shape is 
12 cm2. Find the value of x.  

 

 

 

 

 
 

78° 

9.1 cm 

122° 
115° 

256° 

78° 

9.1 cm 

122° 
115° 

256° 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 

5 cm 

10 cm 

78° 

9.1 cm 

122° 
115° 

256° 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 

5 cm 

10 cm 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 

5 cm 

10 cm 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 

5 cm 

10 cm 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 

5 cm 

10 cm 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 

5 cm 

10 cm 

2 m 9 cm 

3 cm 3 cm 

6.3 cm 

x° 

80° x 

13 mm 

x° 

46° 

r 

x° 

x° A r 

78° 66° 158° 

132° 

108° 
72° 

x° 

8.2 cm 

r r 

r r 

6.7 cm 

5 cm 

6.7 cm O B 

C 

D 

74° x 

2 cm 

2 m 2 m 

B 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 

5 cm 

10 cm 

5 cm 

78° 

9.1 cm 

122° 
115° 

256° 
x° x° 

70° 135° r 

r 

8.2 cm 

3 m 

122° 

80° 

122° 

2 m 

60° 

5 cm 

5 cm 

4 cm 10 cm 



Fluency Practice

Page 89

GLUE HERE

The area and perimeter of a sector

1 Work out the area and perimeter of each sector, 
correct to one decimal place.

(a) (b) (c) (d)

(e) (f) (g) (h)

145o

5cm
38o

8yd

116o

3.2m

140o

6ft

62o 3km

76o 1.5mm278o

2m
329o

2.2in

Ex1 Given that the circle has a radius of 9yd. Calculate the 
area and perimeter of the sector leaving your answer in 
terms of !.

80o

Area

Perimeter
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(a) ! = 11m, # = 82o

(c) ! = 18yd, # = 18o

(e) ! = 10cm, # = 45o

2 Use $ = 3.14 to work out the area of a sector, to two decimal 
places, with radius, ! and angle, # given as:

(b) ! = 4km, # = 20o

(d) ! = 9in, # = 30o

(a) ! = 6ft, # = 60o

(c) ! = 15m, # = 45o

(e) ! = 12cm, # = 330o

3 Use your calculator to work out the perimeter of a sector 
leaving your answer in terms of $, with radius, ! and angle, 
# given as:

(b) ! = 9km, # = 160o

(d) ! = 18mm, # = 210o

4 Express the area of the red sector to the area of the yellow 
sector as a ratio in its simplest form.

36cm
9cm

180o 80o

5 OAB is a sector of a circle, centre O.
The radius of the circle is 30cm.
The angle of the sector is 36o.
Calculate the perimeter of the sector OAB.
Leave your answer in terms of %.

A

BO
36o

30cm

6 Calculate the perimeter of the shaded region, correct to three 
significant figures.

11yd

11yd

7 Find the area of the shaded region below, correct to one 
decimal place.

112o

56o

98o

4m

8m
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(a) ! = 6m2, # = 6m

(c) ! = 54yd2, # = 8yd

(e) ! = 12cm2, # = 2.5cm

3 Use $ = 3.14 to work out the angle of a sector, correct to one 
decimal place, with area, ! and radius, # given as:

(b) ! = 150km2, # = 12km

(d) ! = 85in2, # = 10in

(a) % = 6$ft, # = 12m

(c) % = 75m, # = 15m

(e) % = 31.2cm, # = 10m

4 Use your calculator to work out the angle of a sector, correct 
to one decimal place, with arc length, % and radius, # given 
as:

(b) % = 10$km, # = 6m

(d) % = 12.5mm, # = 4.5m

Area = 44$ ft2

110o

5 Work out the angle of each sector, correct to the 
nearest whole number, given its area and radius.

130o

Area = 52$ mm2 Area = 18$ yd2

80o

229o

Area = 450 km2

(a) (b) (c) (d)

150o

Area = 240$ m2

267o

Area = 760 cm2

86o

Area = 27 m2

315o

Area = 1694$ km2

(e) (f) (g) (h)

6 Work out the radius of each sector, correct to the 
nearest whole number, given its arc length and angle.

(a) (b) (c) (d)

(e) (f) (g) (h)

260o

Arc length
= 68 mm

115o

Arc length
= 44 km

Arc length
= 80$ yd

160o

80o

Arc length
= 40$ cm

250o

Arc length
= &'

& $ mm

100o

Arc length
= 15$ m

130o

Arc length
= 200 km

Arc length
= 2$ ft

40o

7 The perimeter of shaded section the sector below is,

6 + 203 $
Find the angle, -, in the sector.

cm

3cm

6cm

8 OAB is a sector of a circle, centre O.
The area of the sector is 10. cm2.
The angle of the sector is 36o.
Calculate the perimeter of the sector OAB.
Leave your answer in terms of ..

A

BO
36o
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5.
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Area and Perimeter Revision 

(a) (b) (c) (d) 

Find the area. 

 

Find the perimeter of the 
triangle. 

 

The area of the triangle is 
20 𝑐𝑚2. Find the area of the 

rectangle. 
 

                 Find the perimeter. 
 

(e) (f) (g) (h) 

Find the area of the semi-circle 
to 1 decimal place. 

 

Find the perimeter to 3 
significant figures. 

 

Find the perimeter to 1 decimal 
place. 

 

Find the area, giving your 
answer to 1 decimal place. 

 

(i) (j) (k) 

Work out 
the area of 
the shaded 

region. 
 

The area of the sector is 24𝜋 𝑐𝑚2. Find the 
perimeter of the sector in terms of 𝜋. 

 

A circular lawn is surrounded 
by a path of constant width 
2 𝑚. The area of the path is 

30𝜋 𝑚2. Find the area of the 
lawn in terms of 𝜋.  
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Area and Perimeter of Sectors using Pythagoras Theorem 
Calculate the area and perimeter of each shape, giving your answers correct to 1 decimal place. 

(a) (b) (c) 

  
 

(d) (e) (f) 

   

(f) (g) (h) 
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�                �

! Area:	Segment	
Video	63	on	www.corbettmaths.com

�

�

Question	1:	 Calculate	the	area	of	each	segment.	
	 	 Give	each	answer	to	3	decimal	places.	
	
(a)	 	 	 	 	 (b)	 	 	 	 	 (c)	

	
	
(d)	 	 	 	 	 (e)	 	 	 	 	 (f)	

Question	2:	 Calculate	the	area	of	each	segment.	
	 	 Give	each	answer	to	3	decimal	places.	

(a)	 	 	 	 	 	 	 (b)	

	
	

(c)	 	 	 	 	 	 	 (d)	

	

� 	

Examples

Workout

Answers

© CORBETTMATHS 2018

Click	hereiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Click	here
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a regulation football must have a 
circumference of between 68 cm and 70 cm 

what are the limits of the football’s volumes?

a standard tennis ball has a    
diameter of 6.7 cm

what is the volume of the tennis ball?

volume of a sphere

the Earth has                                               
a volume of 1,083,206,916,846 km3

how wide is a time zone if there are 24 of 
them around the circumference?

volume of a sphere = πr34
3

(1) (2)

(3) (4)

how much larger (approximately) is 
the volume of a 14” (diameter) 
balloon to an 11” balloon?
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Ex3 The following sphere has a volume of 
972!in3. Find the length of its radius, "in.

The following sphere has a volume of
4500!m3. Find the length of its radius, "m.

Q5

Work out the radius of the following spheres 
given their volume.

Q6

[a] [b]

"in

Volume
972!in3

"m

Volume
4500!m3

Volume
2304!cm3

Volume
1000in3

The following cylinder and sphere have 
the same volume. Find the diameter of 
the sphere.

Q7

3cm

11cm
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.co
rb
ett
ma

th
s.c
om

Qu
es
tio
n	4

:	
Fin

d	t
he
	si
ze
	of
	x	
in	
ea
ch
	of
	th
e	s
ph
er
e	b
elo
w.
	

	
	

Gi
ve
	yo
ur
	an
sw
er
s	t
o	t
wo
	de
cim

al	
pla
ce
s	(
yo
u	m

ay
	us
e	a
	ca
lcu
lat
or
)	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

Qu
es
tio
n	5

:	
Fin

d	t
he
	si
ze
	of
	x	
in	
ea
ch
	of
	th
e	s
ph
er
e	b
elo
w.
	

	
	

Yo
u	m

ay
	no
t	u
se
	a	
ca
lcu
lat
or
	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

� Qu
es
tio
n	1

:	
A	g

las
s	p
ap
er
we
igh

t	is
	sh
ow
n	b

elo
w.
	

	
	

Th
e	p
ap
er
we
igh

t	is
	a	
he
mi
sp
he
re
	w
ith
	di
am

ete
r	9
cm
.	

	
	

Fin
d	t
he
	su
rfa
ce
	ar
ea
	of
	th
e	p
ap
er
we
igh
t	

Qu
es
tio
n	2

:	
Sh
ow
	th
e	s
ur
fac
e	a
re
a	o
f	a
	sp
he
re
	w
ith
	ra
diu

s	6
cm
	is
	fo
ur
	tim

es
	la
rg
er
	th
an
	

	
	

th
e	s
ur
fac
e	a
re
a	o
f	a
	sp
he
re
	w
ith
	ra
diu

s	3
cm
.	

Ap
ply

©
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M
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�                �

!
Surface	Area	of	a	Sphere	

Video	313	on	www.corbettmaths.com
	

Question	3:	 The	formula	for	the	surface	area	of	a	sphere	is		
	 	 Make	r	the	subject	of	the	formula	

	
Question	4:	 The	diameter	of	a	sphere	is	equal	to	the	side	length	of	a	cube.	

	 	 Peter	says	the	surface	area	of	the	sphere	is	double	the	surface	area	of	the	cube.	
	 	 Is	Peter	correct?	

Question	5:	 A	sphere	has	a	radius	of	x.	
	 	 A	cylinder	has	a	radius	of	x	and	height	h.	

	 	 The	surface	area	of	the	sphere	and	cylinder	are	equal.	

	 	 Show	h	=	x	

						
	

�
Answers

© CORBETTMATHS 2017

Click	here
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V
ol

u
m

e 
an

d
 S

u
rf

ac
e 

A
re

a 
of

 S
p

h
er

es
 

 Fi
nd

 t
he

 v
ol

um
e 

an
d 

su
rf

ac
e 

ar
ea

 o
f 
th

es
e 

sp
he

re
s.

 
(a

) 
 

 
(b

)  
    (c

) 
 

 
(d

) 
      Fi

nd
 t

he
 v

ol
um

e 
an

d 
to

ta
l s

ur
fa

ce
 a

re
a 

of
 

th
es

e 
he

m
is

ph
er

es
. 

(a
) 

 
 

(b
)  

      Fi
nd

 t
he

 m
is

si
ng

 le
ng

th
s.

 
(a

) 
 

 
(b

)  
      

(c
) 

 
      A
 c

on
ta

in
er

 is
 m

ad
e 

up
 o

f 
a 

he
m

is
ph

er
e 

on
 t

op
 o

f 
a 

cy
lin

de
r,

 b
ot

h 
w

ith
 t

he
 r

ad
iu

s 
26

 c
m

. 
Th

e 
to

ta
l v

ol
um

e 
of

 t
he

 c
on

ta
in

er
 

is
 2

30
 0

00
 𝑐

𝑚
3 .

 F
in

d 
th

e 
he

ig
ht

 o
f 
th

e 
cy

lin
de

r.
 

V
ol

u
m

e 
an

d
 S

u
rf

ac
e 

A
re

a 
of

 S
p

h
er

es
 

 Fi
nd

 t
he

 v
ol

um
e 

an
d 

su
rf

ac
e 

ar
ea

 o
f 
th

es
e 

sp
he

re
s.

 
(a

) 
 

 
(b

)  
    (c

) 
 

 
(d

) 
      Fi

nd
 t

he
 v

ol
um

e 
an

d 
to

ta
l s

ur
fa

ce
 a

re
a 

of
 

th
es

e 
he

m
is

ph
er

es
. 

(a
) 

 
 

(b
)  

      Fi
nd

 t
he

 m
is

si
ng

 le
ng

th
s.

 
(a

) 
 

 
(b

)  
      

(c
) 

 
      A
 c

on
ta

in
er

 is
 m

ad
e 

up
 o

f 
a 

he
m

is
ph

er
e 

on
 t

op
 o

f 
a 

cy
lin

de
r,

 b
ot

h 
w

ith
 t

he
 r

ad
iu

s 
26

 c
m

. 
Th

e 
to

ta
l v

ol
um

e 
of

 t
he

 c
on

ta
in

er
 

is
 2

30
 0

00
 𝑐

𝑚
3 .

 F
in

d 
th

e 
he

ig
ht

 o
f 
th

e 
cy

lin
de

r.
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V
ol
um

e 
& 
su
rf
ac
e 
ar
ea
: 
sp
he
re
s

1.
W

or
k 

ou
t t

he
 v

ol
um

e 
an

d 
su

rfa
ce

 a
re

a 
of

 e
ac

h 
sp

he
re

. G
iv

e 
yo

ur
 a

ns
w

er
s

bo
th

 in
 te

rm
s 

of
 π

, a
nd

 c
or

re
ct

 to
 3

 s
ig

ni
fic

an
t f

ig
ur

es
.

a)
b)

c)
5c

m
12

cm

3c
m

2.
A

 h
em

is
ph

er
e 

ha
s 

a 
ra

di
us

 o
f 1

5m
m

.

W
or

k 
ou

t t
he

 v
ol

um
e 

an
d 

su
rfa

ce
 a

re
a

of
 th

e 
he

m
is

ph
er

e,
 g

iv
in

g 
yo

ur
 a

ns
w

er
s

in
 te

rm
s 

of
 π

.

15
m

m

3.
A

 p
la

st
ic

 tu
be

 in
 th

e 
sh

ap
e 

of
 a

 c
yl

in
de

r c
on

ta
in

s
th

re
e 

te
nn

is
 b

al
ls

.

Th
e 

tu
be

 a
nd

 e
ac

h 
ba

ll 
ha

ve
 a

 d
ia

m
et

er
 o

f 6
.7

cm
an

d 
th

e 
ba

lls
 fi

t s
nu

gl
y 

in
to

 th
e 

tu
be

, s
uc

h 
th

at
no

ne
 o

f t
he

m
 a

re
 a

bl
e 

to
 m

ov
e.

W
or

k 
ou

t t
he

 v
ol

um
e 

of
 fr

ee
 s

pa
ce

 w
ith

in
 th

e 
tu

be
.

5.
A

 c
yl

in
dr

ic
al

 c
on

ta
in

er
 w

ith
 d

ia
m

et
er

 
20

cm
 is

 p
ar

tia
lly

 fi
lle

d 
w

ith
 w

at
er

.

A
 m

et
al

 s
ph

er
e 

w
ith

 d
ia

m
et

er
 6

cm
 is

dr
op

pe
d 

in
to

 th
e 

w
at

er
 a

nd
 is

 
co

m
pl

et
el

y 
su

bm
er

ge
d.

W
or

k 
ou

t b
y 

ho
w

 m
uc

h 
th

e 
w

at
er

 
le

ve
l r

is
es

.
20

cm
6c

m

4.
Th

e 
m

oo
n 

ha
s 

a 
ra

di
us

 o
f a

pp
ro

xi
m

at
el

y 
(1

.7
×

10
3
)k

m
.

a)
W

or
k 

ou
t t

he
 v

ol
um

e 
of

 th
e 

m
oo

n.

b)
W

or
k 

ou
t t

he
 s

ur
fa

ce
 a

re
a 

of
 th

e 
m

oo
n.

P
ag

e 
1

w
w

w
.M

at
hs

P
ad

.c
o.

uk
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V
ol

u
m

e 
of

 a
 P

yr
am

id
 

 Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 
py

ra
m

id
s.

 

(a
) 

 
 

(b
)  

     Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 s
qu

ar
e-

ba
se

d 
py

ra
m

id
s.

 

(a
) 

 
 

(b
) 

      Fi
nd

 t
he

 v
ol

um
es

 o
f 
ea

ch
 o

f 
th

es
e 

py
ra

m
id

s.
 

(a
) 

 
 

(b
)  

 Fi
nd

 t
he

 m
is

si
ng

 m
ea

su
re

m
en

ts
 f
ro

m
 

ea
ch

 o
f 
th

es
e 

py
ra

m
id

s 
w

he
n 

gi
ve

n 
th

ei
r 

vo
lu

m
es

. 

(a
) 

 
 

(b
) 

    

V
ol

u
m

e 
of

 a
 P

yr
am

id
 

 Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 
py

ra
m

id
s.

 

(a
) 

 
 

(b
)  

     Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 s
qu

ar
e-

ba
se

d 
py

ra
m

id
s.

 

(a
) 

 
 

(b
) 

      Fi
nd

 t
he

 v
ol

um
es

 o
f 
ea

ch
 o

f 
th

es
e 

py
ra

m
id

s.
 

(a
) 

 
 

(b
)  

 Fi
nd

 t
he

 m
is

si
ng

 m
ea

su
re

m
en

ts
 f
ro

m
 

ea
ch

 o
f 
th

es
e 

py
ra

m
id

s 
w

he
n 

gi
ve

n 
th

ei
r 

vo
lu

m
es

. 

(a
) 

 
 

(b
) 
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�
   

   
   

   
   
�

!
Vo
lum

e	o
f	a
	Py
ra
mi
d	

Vi
de
o	3
60
	on
	Co
rb
ett
ma

th
s

� � Qu
es
tio
n	1

:	
Fin

d	t
he
	vo
lum

e	o
f	e
ac
h	o
f	t
he
se
	py
ra
mi
ds
.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	on
e	d
ec
im
al	
pla
ce
	(y
ou
	m
ay
	us
e	a
	ca
lcu
lat
or
)	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

				
				
				
				
				

	 	 (d
)	

	
	

	
(e
)	

	
	

	
(f)
	

				
				
				
				
				
				
				
				
				
				
				
				
				
				
			

Qu
es
tio
n	2

:	
A	s
qu
ar
e-b

as
ed
	py
ra
mi
d	h

as
	a	
ba
se
	w
ith
	si
de
	le
ng
th
	8c
m.
	

	
	

Th
e	h
eig
ht
	of
	th
e	p
yr
am

id	
is	
11
cm
.	

	
	

Ca
lcu
lat
e	t
he
	vo
lum

e	o
f	t
he
	py
ra
mi
d.	

Qu
es
tio
n	3

:	
A	r
ec
tan

gu
lar
-b
as
ed
	py
ra
mi
d	h

as
	a	
ba
se
	w
ith
	le
ng
th
	12

cm
	an
d	w

idt
h	6

cm
.	

	
	

Th
e	h
eig
ht
	of
	th
e	p
yr
am

id	
is	
8c
m.
	

	
	

Ca
lcu
lat
e	t
he
	vo
lum

e	o
f	t
he
	py
ra
mi
d.	

Qu
es
tio
n	4

:	
An
	oc
tag

on
-b
as
ed
	py
ra
mi
d	h

as
	a	
he
igh

t	o
f	1
8c
m.
	

	
	

Th
e	a
re
a	o
f	t
he
	oc
tag

on
	ba
se
	is
	20

cm
².	

	
	

Ca
lcu
lat
e	t
he
	vo
lum

e	o
f	t
he
	py
ra
mi
d	

Qu
es
tio
n	5

:	
A	h

ex
ag
on
-b
as
ed
	py
ra
mi
d	h

as
	a	
he
igh

t	o
f	5
4c
m.
	

	
	

Th
e	v
olu

me
	of
	th
e	p
yr
am

id	
is	
10
80
cm
³.	

	
	

Ca
lcu
lat
e	t
he
	ar
ea
	of
	th
e	b
as
e	o
f	t
he
	py
ra
mi
d.	

Ex
am

ple
s

W
or
ko
ut
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�
   

   
   

   
   
�

!
Vo
lum

e	o
f	a
	Py
ra
mi
d	

Vi
de
o	3
60
	on
	Co
rb
ett
ma

th
s

Qu
es
tio
n	6

:	
Sh
ow
n	b

elo
w	
ar
e	t
wo
	tr
ian

gu
lar
-b
as
ed
	py
ra
mi
ds
.	

	
	

Fin
d	t
he
	vo
lum

e	o
f	e
ac
h.	

(a
)	

	
	

	
	

	
				
				
		(b

)	
	

	
	

	
	

	

Qu
es
tio
n	7

:	
Fin

d	t
he
	vo
lum

e	o
f	e
ac
h	o
f	c
om

po
sit
e	s
oli
ds
.	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

�
				
		�

				
	�

	

Qu
es
tio
n	8

:	
A	s
oli
d	s
ha
pe
	is
	cr
ea
ted

	by
	jo
ini
ng
	tw

o	s
qu
ar
e	b
as
ed
	py
ra
mi
ds
.	

	
	

Fin
d	t
he
	vo
lum

e	o
f	t
he
	sh
ap
e.	

�
	

Qu
es
tio
n	9

:	
Fin

d	x
	fo
r	e
ac
h	o
f	t
he
se
	py
ra
mi
ds
.	

	
	

Th
e	v
olu

me
	of
	ea
ch
	is
	gi
ve
n.	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

�
				
				
				
	�

				
�
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�
   

   
   

   
   
�

!
Vo
lum

e	o
f	a
	Py
ra
mi
d	

Vi
de
o	3
60
	on
	Co
rb
ett
ma

th
s

� Qu
es
tio
n	1

:	
Th
e	G

re
at	
Py
ra
mi
d	o
f	G
iza
	is
	a	
sq
ua
re
	ba
se
d	p

yr
am

id.
	

	
	

Th
e	b
as
e	h
as
	a	
sid
e	l
en
gth

	of
	44

0	c
ub
its
.	

	
	

Th
e	h
eig
ht
	of
	th
e	p
yr
am

id	
is	
28
0	c
ub
its
.	

	
	

Ca
lcu
lat
e	t
he
	vo
lum

e	o
f	t
he
	Gr
ea
t	P
yr
am

id	
of	
Gi
za
.	

	
	

	

Qu
es
tio
n	2

:	
A	s
oli
d	r
ec
tan

gu
lar
	ba
se
d	p
yr
am

id	
ha
s	a
	ba
se
	w
ith
	le
ng
th
	28

cm
	an
d	w

idt
h	2

0c
m.
	

	
	

Th
e	h
eig
ht
	of
	th
e	p
yr
am

id	
is	
16
cm
.	

	
	

Th
e	p
yr
am

id	
ha
s	a
	m
as
s	o
f	3
5.8
4k
g	

	
	

Ca
lcu
lat
e	t
he
	de
ns
ity
	of
	th
e	m

ate
ria
l	u
se
d	t
o	m

ak
e	t
he
	py
ra
mi
d,	
in	
g/
cm
³	

Qu
es
tio
n	3

:	
A	s
oli
d	t
ria
ng
ula
r	b
as
ed
	py
ra
mi
d	i
s	m

ad
e	f
ro
m	
a	m

ate
ria
l	w
hic
h	h

as
	a	
de
ns
ity
	of
		

	
	

7.2
g/
cm
³.	

	
	

Th
e	d
im
en
sio
ns
	of
	th
e	p
yr
am

id	
ar
e	s
ho
wn

	be
low

.	

	
	

Ca
lcu
lat
e	t
he
	m
as
s	o
f	t
he
	py
ra
mi
d.	

Qu
es
tio
n	4

:	
A	s
oli
d	s
qu
ar
e	b
as
ed
	py
ra
mi
d	i
s	m

ad
e	o
ut
	of
	go
ld.
	

	
	

Th
e	p
yr
am

id	
ha
s	b
as
e	o
f	le
ng
th
	12

cm
	an
d	a
	he
igh

t	o
f	7
cm
.	

	
	

Th
e	p
yr
am

id	
is	
me

lte
d	a
nd
	th
e	g
old

	is
	us
ed
	to
	m
ak
e	a
	sp
he
re
	an
d	a
	cu
be
.	

	
	

Th
e	s
ph
er
e	a
nd
	cu
be
	ha
ve
	th
e	s
am

e	v
olu

me
.	

	
	

Ca
lcu
lat
e	t
he
	ra
diu

s	o
f	t
he
	sp
he
re
,	r,
	an
d	t
he
	si
de
	le
ng
th
	of
	th
e	c
ub
e,	
x.	

	
	

	

	 �
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�
   

   
   

   
   
�

!
Vo
lum

e	o
f	a
	Co
ne
	

Vi
de
o	3
59
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

� � Qu
es
tio
n	1

:	
W
or
k	o
ut
	th
e	v
olu

me
s	o
f	e
ac
h	o
f	fo

llo
wi
ng
	co
ne
s.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	on
e	d
ec
im
al	
pla
ce
.	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

Qu
es
tio
n	2

:	
W
or
k	o
ut
	th
e	v
olu

me
s	o
f	e
ac
h	o
f	t
he
	fo
llo
wi
ng
	co
ne
s.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	in
	te
rm
s	o
f	!
	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

Qu
es
tio
n	3

:	
W
or
k	o
ut
	th
e	v
er
tic
al	
he
igh
t	o
f	e
ac
h	c
on
e.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	a	
su
ita
ble
	de
gr
ee
	of
	ac
cu
ra
cy
.	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

Ex
am

ple
s

W
or
ko
ut
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�
   

   
   

   
   
�

!
Vo
lum

e	o
f	a
	Co
ne
	

Vi
de
o	3
59
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

Qu
es
tio
n	4

:	
Ca
lcu
lat
e	t
he
	le
ng
th
	of
	th
e	r
ad
ius
	fo
r	e
ac
h	o
f	t
he
se
	co
ne
s.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	a	
su
ita
ble
	de
gr
ee
	of
	ac
cu
ra
cy
.	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

	 � Qu
es
tio
n	1

:	
A	s
oli
d	i
s	f
or
me

d	f
ro
m	
a	c
yli
nd
er
	an
d	a
	co
ne
.	

	
	

Fin
d	t
he
	vo
lum

e	o
f	t
he
	so
lid
.	

	 Qu
es
tio
n	2

:	
A	s
oli
d	c
on
e	i
s	m

ad
e	f
ro
m	
a	m

ate
ria
l	w
hic
h	h

as
	a	
de
ns
ity
	of
	8.
7	g
/c
m³
.	

	
	

Th
e	d
im
en
sio
ns
	of
	th
e	c
on
e	a
re
	sh
ow
n	b

elo
w.
	

	
	

Fin
d	t
he
	m
as
s	o
f	t
he
	co
ne
.	

Qu
es
tio
n	3

:	
Th
e	s
ph
er
e	a
nd
	co
ne
	ha
ve
	an
	eq
ua
l	v
olu

me
.	

	
	

Fin
d	t
he
	ra
diu

s	o
f	t
he
	sp
he
re
.	

	 Qu
es
tio
n	4

:	
Ca
lcu
lat
e	t
he
	vo
lum

e	o
f	t
he
	co
ne
	sh
ow
n	

	
	

Gi
ve
	yo
ur
	an
sw
er
	to
	1	
de
cim

al	
pla
ce
.	

				
		

	 �

Ap
ply

An
sw
er
s

©
 C

O
R

BE
TT

M
AT

H
S 

20
16

Cli
ck
	he
re
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Q1
W

or
k 

ou
t t

he
 v

ol
um

e 
of

 e
ac

h 
of

 th
e 

fo
llo

w
in

g 
py

ra
m

id
s.

[a
]

Ar
ea

18
cm

2

8c
m

[b
]

[c
]

Ar
ea

12
m

2

11
m

Ar
ea

22
ft2

12
ft

[d
]

[e
]

Ar
ea

18
in

2

15
in

Ar
ea

13
.5

yd
2

8y
d

Q2
W

or
k 

ou
t t

he
 v

ol
um

e 
of

 e
ac

h 
of

 th
e 

fo
llo

w
in

g 
py

ra
m

id
s.

[a
] 

Sq
ua

re
-b

as
ed

py
ra

m
id

[b
] 

Sq
ua

re
-b

as
ed

py
ra

m
id

[c
] 

Sq
ua

re
-b

as
ed

py
ra

m
id

7c
m

9c
m

8m

6m

6y
d

10
yd

[d
] R

ig
ht

-tr
ia

ng
ul

ar
-

ba
se

d 
py

ra
m

id
[e

] R
ig

ht
-tr

ia
ng

ul
ar

-
ba

se
d 

py
ra

m
id

[f]
 C

on
e

7c
m

4c
m

9c
m

10
in

3i
n

11
in

6m
m

5m
m
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Ex3 The following pyramid has a base area of 24m2. 
Given that the volume of the pyramid is 
112m3, find its height, ℎ m.

ℎm

Area
24m2

Volume
112m3

The following pyramid has a base area of 
33cm2. Given that the volume of the pyramid 
is 132cm3, find its height, ℎ cm.

Q3

ℎcm

Area
33cm2

Volume
132cm3

Work out the height of each of the following pyramids given their volume.Q4
[a]  Volume = 105m3 [b]  Volume = 168in3 [c]  Volume = 108mm3

15m2Area

ℎm

Area
63in2

ℎin

27mm
Area

ℎmm
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Ex4 The following square-based pyramid has a 
height of 9in. Given that the volume of the 
pyramid is 27in3, find the length of the base, 
! in.

The following square-based pyramid has a 
height of 9ft. Given that the volume of the 
pyramid is 192ft3, find the length of the base, 
! ft.

Q5

Work out the missing length of each of the following pyramids given their volume.Q6
[a]  Volume = 100cm3 [b]  Volume = 128yd3 [c]  Volume = 500m3

9in

! in

Volume
27in3

9ft

! ft

Volume
192ft3

12cm

!cm

6yd

!yd

15m

!m
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Q1
Th

e 
py

ra
m

id
 a

nd
 th

e 
cu

bo
id

 
ha

ve
 th

e 
sa

m
e 

vo
lu

m
e.

 F
in

d 
th

e 
va

lu
e 

of
 ℎ.

Q2
Th

e 
fo

llo
w

in
g 

co
nt

ai
ne

r i
s i

n 
th

e 
sh

ap
e 

of
 a

 co
ne

.
Th

e 
co

nt
ai

ne
r i

s f
ill

ed
 w

ith
 3

L 
of

 w
at

er
. U

se
 1

L =
10

00
cm

3

to
 fi

nd
 th

e 
pe

rc
en

ta
ge

 o
f t

he
 

vo
lu

m
e 

of
 th

e 
co

ne
 th

at
 is

 
ta

ke
n 

up
 b

y 
th

e 
w

at
er

 to
 th

e 
ne

ar
es

t 1
%

.

Q4
Th

e 
fo

llo
w

in
g 

rig
ht

-tr
ia

ng
ul

ar
-

ba
se

d 
py

ra
m

id
 h

as
 a

 h
ei

gh
t o

f 
9f

t. 
Gi

ve
n 

th
at

 th
e 

vo
lu

m
e 

of
 

th
e 

py
ra

m
id

 is
 8

4f
t3 , 

fin
d 

th
e 

m
iss

in
g 

le
ng

th
, #

ft.

Q3
Th

e 
fo

llo
w

in
g 

co
m

po
sit

e 
so

lid
 

is 
m

ad
e 

by
 jo

in
in

g 
a 

cu
bo

id
 

an
d 

sq
ua

re
-b

as
ed

 p
yr

am
id

. 
Ca

lcu
la

te
 th

e 
vo

lu
m

e 
of

 th
e 

so
lid

.

6c
m

7c
m

5c
m

ℎc
m

42
cm

2
Ar

ea

36
cm

12
cm

11
cm

6c
m

12
cm

8f
t

21
ft

#f
t 



Intelligent Practice

Page 187



Intelligent Practice

Page 189



Fluency Practice

Page 191

V
ol

u
m

e 
an

d
 S

u
rf

ac
e 

A
re

a 
of

 C
on

es
 

 Fi
nd

 t
he

 v
ol

um
e 

an
d 

to
ta

l s
ur

fa
ce

 a
re

a 
of

 
ea

ch
 o

f 
th

es
e 

co
ne

s.
 

(a
) 

 
 

(b
)  

      (
c)

 
 

 
(d

) 
 

       Fi
nd

 t
he

 s
la

nt
ed

 h
ei

gh
t 

an
d 

cu
rv

ed
 

su
rf

ac
e 

ar
ea

 o
f 
th

es
e 

co
ne

s.
 

(a
) 

 
 

(b
) 

       Fi
nd

 t
he

 m
is

si
ng

 le
ng

th
s.

 
(a

) 
 

 
(b

)  
        (a

) 
A
 c

on
e 

ha
s 

a 
sl

an
te

d 
he

ig
ht

 o
f 

26
 𝑐

𝑚
 

an
d 

a 
cu

rv
ed

 s
ur

fa
ce

 a
re

a 
of

 2
60

𝜋 
𝑐𝑚

2 .
 

Fi
nd

 it
s 

vo
lu

m
e.

 
(b

) 
A
 c

on
e 

ha
s 

a 
ra

di
us

 o
f 

8.
5 

𝑐𝑚
 a

nd
 a

 
vo

lu
m

e 
of

 1
05

9 
𝑐𝑚

3 .
 F

in
d 

its
 t

ot
al

 s
ur

fa
ce

 
ar

ea
. 

V
ol

u
m

e 
an

d
 S

u
rf

ac
e 

A
re

a 
of

 C
on

es
 

 Fi
nd

 t
he

 v
ol

um
e 

an
d 

to
ta

l s
ur

fa
ce

 a
re

a 
of

 
ea

ch
 o

f 
th

es
e 

co
ne

s.
 

(a
) 

 
 

(b
)  

      (
c)

 
 

 
(d

) 
 

       Fi
nd

 t
he

 s
la

nt
ed

 h
ei

gh
t 

an
d 

cu
rv

ed
 

su
rf

ac
e 

ar
ea

 o
f 
th

es
e 

co
ne

s.
 

(a
) 

 
 

(b
) 

       Fi
nd

 t
he

 m
is

si
ng

 le
ng

th
s.

 
(a

) 
 

 
(b

)  
        (a

) 
A
 c

on
e 

ha
s 

a 
sl

an
te

d 
he

ig
ht

 o
f 

26
 𝑐

𝑚
 

an
d 

a 
cu

rv
ed

 s
ur

fa
ce

 a
re

a 
of

 2
60

𝜋 
𝑐𝑚

2 .
 

Fi
nd

 it
s 

vo
lu

m
e.

 
(b

) 
A
 c

on
e 

ha
s 

a 
ra

di
us

 o
f 

8.
5 

𝑐𝑚
 a

nd
 a

 
vo

lu
m

e 
of

 1
05

9 
𝑐𝑚

3 .
 F

in
d 

its
 t

ot
al

 s
ur

fa
ce

 
ar

ea
. 
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�
   

   
   

   
   
�

!
Su
rfa
ce
	Ar
ea
	of
	a	
Co
ne
	

Vi
de
o	3
14
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

� � Qu
es
tio
n	1

:	
W
or
k	o
ut
	th
e	s
ur
fac
e	a
re
as
	of
	ea
ch
	of
	th
e	f
oll
ow
ing

	co
ne
s.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	in
	te
rm
s	o
f	!
		

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

Qu
es
tio
n	2

:	
W
or
k	o
ut
	th
e	s
ur
fac
e	a
re
as
	of
	ea
ch
	of
	th
e	f
oll
ow
ing

	co
ne
s.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	on
e	d
ec
im
al	
pla
ce
.	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

Qu
es
tio
n	3

:	
W
or
k	o
ut
	th
e	s
ur
fac
e	a
re
as
	of
	ea
ch
	of
	th
e	f
oll
ow
ing

	co
ne
s.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	to
	on
e	d
ec
im
al	
pla
ce
.	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

Ex
am

ple
s

W
or
ko
ut

©
 C

O
R

BE
TT

M
AT

H
S 

20
18

Cli
ck
	he
re
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�
   

   
   

   
   
�

!
Su
rfa
ce
	Ar
ea
	of
	a	
Co
ne
	

Vi
de
o	3
14
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

Qu
es
tio
n	4

:	
W
or
k	o
ut
	th
e	s
ur
fac
e	a
re
a	o
f	e
ac
h	o
f	t
he
	fo
llo
wi
ng
	co
ne
s.	

	
	

Gi
ve
	ea
ch
	an
sw
er
	in
	te
rm
s	o
f	!
	

(a
)	

	
	

	
(b
)	

	
	

	
(c)
	

Qu
es
tio
n	5

:	
Ca
lcu
lat
e	t
he
	sl
an
t	h
eig
ht
	fo
r	e
ac
h	o
f	t
he
se
	co
ne
s	

	 (a
)	

	
	

	
	

(b
)	

	
	

	
	

(c)
	

Qu
es
tio
n	6

:	
Ca
lcu
lat
e	t
he
	le
ng
th
s	o
f	t
he
	ra
diu

s	f
or
	ea
ch
	of
	th
es
e	c
on
es
	

	 (a
)	

	
	

	
	

	
(b
)	

	
	

	
		

		 Qu
es
tio
n	7

:	
Ca
lcu
lat
e	t
he
	he
igh
ts	
of	
th
es
e	c
on
es
	

	 (a
)	

	
	

	
	

	
(b
)	

©
 C

O
R

BE
TT

M
AT

H
S 

20
18
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�
   

   
   

   
   
�

!
Su
rfa
ce
	Ar
ea
	of
	a	
Co
ne
	

Vi
de
o	3
14
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

� Qu
es
tio
n	1

:	
Th
e	c
on
e	a
nd
	cu
be
	be
low

	ha
ve
	th
e	s
am

e	s
ur
fac
e	a
re
as
.	

	
	

W
or
k	o
ut
	th
e	s
ide

	le
ng
th
	of
	th
e	c
ub
e,	
x.	

Qu
es
tio
n	2

:	
Th
e	d
iag
ra
m	
sh
ow
s	a
	so
lid
	sh
ap
e.	

	
	

Th
e	s
ha
pe
	is
	a	
co
ne
	on
		to
p	o
f	a
	cy
lin
de
r.	

	
	

W
or
k	o
ut
	th
e	s
ur
fac
e	a
re
a	o
f	t
he
	sh
ap
e.	

	
	

Gi
ve
	yo
ur
	an
sw
er
	co
rre
ct	
to
	2	
sig
niN
ica
nt
	Nig
ur
es
	

Qu
es
tio
n	3

:	
A	c
on
e	h
as
	a	
ra
diu

s	o
f	9
cm
.	

	
	

Th
e	s
ur
fac
e	a
re
a	o
f	t
he
	co
ne
	is
	45

0π
	cm

²	
	

	
W
or
k	o
ut
	th
e	v
olu

me
	of
	th
e	c
on
e.	

	
	

Gi
ve
	yo
ur
	an
sw
er
	in
	te
rm
s	o
f	π
	

Qu
es
tio
n	4

:	
Th
e	d
iag
ra
m	
sh
ow
s	a
	so
lid
	sh
ap
e.	

	
	

Th
e	s
ha
pe
	is
	a	
co
ne
	on
		to
p	o
f	a
	he
mi
sp
he
re
.	

	
	

W
or
k	o
ut
	th
e	s
ur
fac
e	a
re
a	o
f	t
he
	sh
ap
e.	

	
	

Gi
ve
	yo
ur
	an
sw
er
	co
rre
ct	
to
	2	
sig
niN
ica
nt
	Nig
ur
es
	

Ap
ply

©
 C

O
R

BE
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M
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S 

20
18
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�
   

   
   

   
   
�

!
Su
rfa
ce
	Ar
ea
	of
	a	
Co
ne
	

Vi
de
o	3
14
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

Qu
es
tio
n	5

:	
Th
e	c
yli
nd
er
	an
d	c
on
e	h
as
	th
e	s
am

e	s
ur
fac
e	a
re
a.	

	
	

Ex
pr
es
s	L
	in
	te
rm
s	o
f	x
.	

Qu
es
tio
n	6

:	
A	f
ru
stu

m	
is	
ma

de
	fr
om

	cu
tti
ng
	a	
sm
all
	co
ne
	fr
om

	th
e	t
op
	of
	a	
lar
ge
r	c
on
e.	

	
	

Th
e	l
ar
ge
r	c
on
e	w

as
	21

cm
	ta
ll.	

	
	

	
	

Ca
lcu
lat
e	t
he
	su
rfa
ce
	ar
ea
	of
	th
e	f
ru
stu

m	

	 Qu
es
tio
n	7

:	
A	c
on
e	a
nd
	cy
lin
de
r	a
re
	jo
ine

d	t
o	m

ak
e	a
	so
lid
.	

	
	

	

	 	
	

Sh
ow
	th
e	t
ot
al	
su
rfa
ce
	ar
ea
	of
	th
e	s
oli
d	i
s	

	 	 �
An
sw
er
s

©
 C

O
R

BE
TT

M
AT

H
S 

20
18

Cli
ck
	he
re
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V
ol

u
m

e 
an

d
 S

u
rf

ac
e 

A
re

a 
of

 F
ru

st
u

m
s 

 Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 
fr

us
tu

m
s.

 
 (

a)
 

 
 

(b
)  

         Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 
fr

us
tu

m
s.

 
(a

) 
 

 
(b

) 
          Fi

nd
 t

he
 c

ur
ve

d 
su

rf
ac

e 
ar

ea
 a

nd
 t

ot
al

 
su

rf
ac

e 
ar

ea
 o

f 
ea

ch
 o

f 
th

es
e 

fr
us

tu
m

s.
 

(a
) 

 
 

(b
)  

         Th
e 

ba
se

 d
ia

m
et

er
 o

f 
a 

fr
us

tu
m

 is
 1

8 
𝑐𝑚

 
an

d 
th

e 
to

p 
di

am
et

er
 is

 9
 𝑐

𝑚
. 

If
 t

he
 

fr
us

tu
m

 h
as

 a
 v

ol
um

e 
of

 3
78

𝜋 
𝑐𝑚

3 ,
 f
in

d 

its
 h

ei
gh

t.
 

V
ol

u
m

e 
an

d
 S

u
rf

ac
e 

A
re

a 
of

 F
ru

st
u

m
s 

 Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 
fr

us
tu

m
s.

 
 (

a)
 

 
 

(b
)  

         Fi
nd

 t
he

 v
ol

um
e 

of
 e

ac
h 

of
 t

he
se

 
fr

us
tu

m
s.

 
(a

) 
 

 
(b

) 
          Fi

nd
 t

he
 c

ur
ve

d 
su

rf
ac

e 
ar

ea
 a

nd
 t

ot
al

 
su

rf
ac

e 
ar

ea
 o

f 
ea

ch
 o

f 
th

es
e 

fr
us

tu
m

s.
 

(a
) 

 
 

(b
)  

         Th
e 

ba
se

 d
ia

m
et

er
 o

f 
a 

fr
us

tu
m

 is
 1

8 
𝑐𝑚

 
an

d 
th

e 
to

p 
di

am
et

er
 is

 9
 𝑐

𝑚
. 

If
 t

he
 

fr
us

tu
m

 h
as

 a
 v

ol
um

e 
of

 3
78

𝜋 
𝑐𝑚

3 ,
 f
in

d 

its
 h

ei
gh

t.
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① ② ③ ④

Finding the Volume of Frustums using Similar Triangles

3D View

Halved Cross-Section

12 cm

6 cm

10 cm

5 cm

Volume of Large Cone =

5 cm

Volume of Small Cone =

Volume of Frustum =

3 cm

6 cm

5 cm

3D View

Halved Cross-Section

15 cm

Volume of Large Cone =

6 cm

Volume of Small Cone =

Volume of Frustum =

5 cm
3D View

Halved Cross-Section
10 cm

12 cm

2 cm 3D View

20 cm

3 cm

18 cm
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① ② ③ ④

⑤ ⑥ ⑦ ⑧

7 Answers 351 180 64 288 213.33 416 36

Volume = Volume = Volume = Volume =

Volume = Volume =Volume = Volume =

8 cm

10 cm

6 cm

15 cm

A pyramid with its apex vertically 
above a base corner.

9 cm

13 cm

6 cm3 cm
12 cm

4 cm

12 cm

6 cm

10 cm

5 cm

12 cm
3 cm

4 cm

2 cm

11 cm

6 cm
6 cm

Volume of Pyramids The apex is above the centre of a square base unless stated.
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a)
W

or
k 

ou
t t

he
 's

la
nt

 h
ei

gh
t',

 m
ar

ke
d 
x.

b)
H

en
ce

, f
in

d 
th

e 
su

rfa
ce

 a
re

a 
of

 th
e 

py
ra

m
id

.

V
ol
um

e 
& 
su
rf
ac
e 
ar
ea
: 
py
ra
m
id
s,
 
co
ne
s 
& 
fr
us
tu
m
s

1.
Th

e 
ba

se
 o

f e
ac

h 
of

 th
es

e 
py

ra
m

id
s 

is
 a

 re
gu

la
r p

ol
yg

on
. W

or
k 

ou
t t

he
 

vo
lu

m
e 

of
 e

ac
h 

py
ra

m
id

.
a)

b)
c)

6c
m

4c
m

18
cm

2
8c

m
2

5c
m

9c
m

3.
W

hi
ch

 h
as

 a
 la

rg
er

 v
ol

um
e?

A
 -  

a 
co

ne
 w

ith
 ra

di
us

 5
cm

 a
nd

 h
ei

gh
t 6

cm
.

B
 -  

a 
co

ne
 w

ith
 ra

di
us

 6
cm

 a
nd

 h
ei

gh
t 5

cm
.

2.
W

or
k 

ou
t t

he
 v

ol
um

e 
of

 e
ac

h 
of

 th
es

e 
co

ne
s,

 g
iv

in
g 

yo
ur

 a
ns

w
er

s 
bo

th
 in

te
rm

s 
of

 π
, a

nd
 c

or
re

ct
 to

 3
 s

ig
ni

fic
an

t f
ig

ur
es

.

4.
A

 p
yr

am
id

 h
as

 a
 p

er
pe

nd
ic

ul
ar

 h
ei

gh
t o

f 4
cm

an
d 

a 
sq

ua
re

 b
as

e 
w

ith
 a

 s
id

e 
le

ng
th

 o
f 6

cm
.

a)
b)

c)

8c
m 5c

m

7c
m

10
cm

2c
m

1.
5c

m

6c
m

4c
m

x

5.
W

or
k 

ou
t t

he
 s

ur
fa

ce
 a

re
a 

of
 e

ac
h 

co
ne

, g
iv

in
g 

yo
ur

 a
ns

w
er

s 
bo

th
 in

te
rm

s 
of

 π
, a

nd
 c

or
re

ct
 to

 3
 s

ig
ni

fic
an

t f
ig

ur
es

.

5c
m

12
cm

a)
b)

c)

16
cm

15
cm

14
m

24
m

P
ag

e 
1

w
w

w
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P
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o.
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6.
Th

e 
co

ne
 in

 p
ar

t a
 is

 c
ut

 h
or

iz
on

ta
lly

 to
 p

ro
du

ce
 th

e 
fru

st
um

 a
nd

 c
on

e 
in

 b
.

W
or

k 
ou

t t
he

 v
ol

um
e 

of
 a

ll 
th

re
e 

sh
ap

es
 in

 te
rm

s 
of

 π
.

a)
b)

8c
m

3c
m

3c
m

1.
5c

m

4c
m

4c
m

1.
5c

m

8.
A

 c
on

e 
si

ts
 in

si
de

 a
 c

yl
in

de
r w

ith
 th

e 
sa

m
e 

ra
di

us
an

d 
sa

m
e 

he
ig

ht
.

W
ha

t f
ra

ct
io

n 
of

 th
e 

cy
lin

de
r i

s 
ta

ke
n 

up
 b

y 
th

e 
co

ne
?

7.
W

or
k 

ou
t t

he
 v

ol
um

e 
of

 e
ac

h 
sh

ad
ed

 fr
us

tu
m

 in
 te

rm
s 

of
 π

.

a)
b)

8c
m4c

m

6c
m

12
cm

9c
m

6c
m

6c
m

2c
m

9.
A

 c
on

ta
in

er
 in

 th
e 

sh
ap

e 
of

 a
 c

on
e 

is
 p

ar
tia

lly
fil

le
d 

w
ith

 w
at

er
 to

 h
al

f o
f i

ts
 to

ta
l h

ei
gh

t.

G
em

m
a 

sa
ys

 th
at

 h
al

f o
f t

he
 v

ol
um

e 
of

 th
e 

co
ne

is
 ta

ke
n 

up
 b

y 
th

e 
w

at
er

.

G
em

m
a 

is
 w

ro
ng

. F
in

d 
th

e 
ac

tu
al

 fr
ac

tio
n 

of
 th

e
vo

lu
m

e 
of

 th
e 

co
ne

 th
at

 is
 ta

ke
n 

up
 b

y 
th

e 
w

at
er

.

(H
in

t: 
si

nc
e 

th
e 

co
ne

s 
ar

e 
si

m
ila

r, 
th

e 
ra

di
us

 o
f t

he
 s

ur
fa

ce
 o

f t
he

 w
at

er
 is

 h
al

f 
th

e 
ra

di
us

 a
t t

he
 to

p 
of

 th
e 

co
ne

.)

P
ag

e 
2

w
w

w
.M

at
hs

P
ad

.c
o.

uk
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!
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e	o
f	a
	Fr
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m	

Vi
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o	3
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a	o
n	w

ww
.co
rb
ett
ma

th
s.c
om

� � Qu
es
tio
n	1

:	
Sh
ow
n	i
s	a
	sq
ua
re
	ba
se
d	p
yr
am

id	
A.	

(a
)		F

ind
	th
e	v
olu

me
	of
	th
e	s
qu
ar
e	b
as
ed
	py
ra
mi
d.	

Sh
ow
n	i
s	a
	sm

all
er
	sq
ua
re
	ba
se
d	p
yr
am

id	
B.	

(b
)		F

ind
	th
e	v
olu

me
	of
	th
e	s
ma

lle
r	s
qu
ar
e	b
as
ed
	py
ra
mi
d.	

A	f
ru
stu

m	
is	
cre

ate
d	b
y	r
em

ov
ing

	th
e	P
yr
am

id	
B	f
ro
m	
th
e		

to
p	o
f	P
yr
am

id	
A.	

(c)
		F
ind

	th
e	v
olu

me
	of
	th
e	f
ru
stu

m.
	

	

Qu
es
tio
n	2

:		F
ind

	th
e	v
olu

me
	of
	th
e	f
oll
ow
ing

	fr
us
tu
ms
.	

(a
)	

	
	

	
	

	
	

(b
)	

	
	

	
	

	 (c)
	

	
	

	
	

	
	

(d
)	

Ex
am

ple
s

W
or
ko
ut

©
 C

O
R

BE
TT

M
AT

H
S 

20
21

Cli
ck
	he
re

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii

iiii
iiii
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�

!
Vo
lum

e	o
f	a
	Fr
us
tu
m	

Vi
de
o	3
60
a	o
n	w

ww
.co
rb
ett
ma

th
s.c
om

	 (e
)	

	
	

	
	

	
	

(f)
	

	 (g
)	

	
	

	
	

	
	

(h
)	

	 Qu
es
tio
n	3

:	
Sh
ow
n	i
s	C
on
e	A

.	

(a
)		F

ind
	th
e	v
olu

me
	of
	th
e	c
on
e.	

	 Sh
ow
n	i
s	a
	sm

all
er
	Co
ne
,	B
.	

(b
)		F

ind
	th
e	v
olu

me
	of
	th
e	s
ma

lle
r	c
on
e.	

A	f
ru
stu

m	
is	
cre

ate
d	b
y	r
em

ov
ing

	Co
ne
	B	
fro
m	
th
e		

to
p	o
f	C
on
e	A

.	

(c)
		F
ind

	th
e	v
olu

me
	of
	th
e	f
ru
stu

m.
	

	

	 Qu
es
tio
n	4

:		F
ind

	th
e	v
olu

me
	of
	th
e	f
oll
ow
ing

	fr
us
tu
ms
.	

(a
)	

	
	

	
	

	
	

(b
)	

©
 C

O
R

BE
TT

M
AT

H
S 

20
21
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�
   

   
   

   
   
�

!
Vo
lum

e	o
f	a
	Fr
us
tu
m	

Vi
de
o	3
60
a	o
n	w

ww
.co
rb
ett
ma

th
s.c
om

	 (c)
	

	
	

	
	

	
	

(d
)	

	 	 (e
)	

	
	

	
	

	
	

(f)
	

	 	 (g
)	

	
	

	
	

	
	

(h
)	

	 Qu
es
tio
n	5

:	
Sh
ow
n	b

elo
w	
is	
a	c
on
e	w

ith
	a	
ra
diu

s	o
f	6
cm
	an
d	a
	sl
an
t	h
eig
ht
	of
	10

cm
.	

	
	

(a
)		F

ind
	th
e	p
er
pe
nd
icu
lar
	he
igh
t	o
f	t
he
	co
ne
,	h
.	

	 	
	

A	f
ru
stu

m	
is	
ma

de
	by
	re
mo

vin
g	a
	sm

all
er
	co
ne
	fr
om

	th
e	t
op
	of
	th
e	c
on
e	i
n	(
a)
.	

	
	

	

	
	

(b
)		F

ind
	th
e	v
olu

me
	of
	th
e	f
ru
stu

m.
	

©
 C

O
R
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M
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H
S 

20
21



Purposeful Practice

Page 213

�
   

   
   

   
   
�

!
Vo
lum

e	o
f	a
	Fr
us
tu
m	

Vi
de
o	3
60
a	o
n	w

ww
.co
rb
ett
ma

th
s.c
om

	 Qu
es
tio
n	6

:	
Fin

d	t
he
	vo
lum

es
	of
	th
e	f
oll
ow
ing

	fr
us
tu
ms
.	

	 (a
)	

	
	

	
				
		(b

)		
	

	
	

				
(c)
	

� Qu
es
tio
n	1

:	
Th
e	s
qu
ar
e	b
as
ed
	py
ra
mi
d	A

	is
	di
vid

ed
	in
to
	Py
ra
mi
d	B

	an
d	F
ru
stu

m	
C.	

(a
)
W
or
k	o
ut
	th
e	v
olu

me
	of
	Py
ra
mi
d	A

.	
	

	
(b
)			
W
or
k	o
ut
	th
e	v
olu

me
	of
	Py
ra
mi
d	B

.	
	

	
(c)
			W

or
k	o
ut
	th
e	v
olu

me
	of
	Fr
us
tu
m	
C.	

Do
ug
las
	sa
ys
	th
at	
sin
ce
	Py
ra
mi
d	A

	an
d	P

yr
am

id	
B	a

re
	si
mi
lar
,	a
nd
	si
nc
e	t
he
	ba
se
	le
ng
th
	of
	B	
is	

ha
lf	o

f	t
he
	ba
se
	le
ng
th
	of
	A,
	th
e	v
olu

me
	of
	B	
wi
ll	b
e	o
ne
-ei
gh
th
	of
	th
e	v
olu

me
	of
	A.
	

	
	

(d
)		S

ho
w	
th
at	
Do
ug
las
	is
	co
rre
ct.
	

Jac
k	s
ay
s	t
ha
t	m

ea
ns
	th
at	
th
e	v
olu

me
	of
	Fr
us
tu
m	
C	w

ill	
be
	se
ve
n-
eig
ht
hs
	of
	th
e	v
olu

me
	of
	

Py
ra
mi
d	A

.	
	

	
(e
)		S

ho
w	
th
at	
Jac
k	i
s	c
or
re
ct.
	

	 Qu
es
tio
n	2

:	
Th
e	s
qu
ar
e	b
as
ed
	Py
ra
mi
d	A

	is
	di
vid

ed
	in
	Py
ra
mi
d	B

	an
d	F
ru
stu

m	
C.	

	
	

(a
)		E

xp
re
ss
	th
e	v
olu

me
	of
	Py
ra
mi
d	B

	as
	a	
fra
cti
on
	of
	th
e	v
olu

me
	of
	Py
ra
mi
d	A

.	
	

	
(b
)		E

xp
re
ss
	th
e	v
olu

me
	of
	Fr
us
tu
m	
C	a
s	a
	fr
ac
tio
n	o
f	t
he
	vo
lum

e	o
f	P
yr
am

id	
A.	

Ap
ply

©
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O
R
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M
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H
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�

!
Vo
lum

e	o
f	a
	Fr
us
tu
m	

Vi
de
o	3
60
a	o
n	w

ww
.co
rb
ett
ma

th
s.c
om

Qu
es
tio
n	3

:	
Co
ne
	A	
is	
div
ide

d	i
nt
o	C
on
e	B

	an
d	F
ru
stu

m	
C.	

	
	

Ex
pr
es
s	t
he
	vo
lum

e	o
f	F
ru
stu

m	
C	a
s	a
	fr
ac
tio
n	o
f	t
he
	vo
lum

e	o
f	C
on
e	A

.	
	

	
Gi
ve
	yo
ur
	an
sw
er
	in
	its
	si
mp

les
t	f
or
m.
	

Qu
es
tio
n	4

:	
Ma
gd
a	i
s	m

ak
ing

	a	
so
lid
	gl
as
s	s
cu
lpt
ur
e.	

	
	

Ma
gd
a	h
as
	a	
gla
ss
	co
ne
	w
ith
	ba
se
	ra
diu

s	o
f	3
0c
m	
an
d	p

er
pe
nd
icu
lar
	he
igh

t		
	

	
	

60
cm
.	

	 	
	

Sh
e	r
em

ov
es
	a	
sm
all
er
	co
ne
	fr
om

	th
e	t
op
	of
	th
e	c
on
e	t
o	l
ea
ve
	a	
fru
stu

m.
	

	
	

	
	

	
	

Th
e	d
en
sit
y	o
f	t
he
	gl
as
s	i
s	2
.7g
/c
m³
	

	
	

	
	

Fin
d	t
he
	m
as
s	o
f	t
he
	sc
ulp

tu
re
.	

Qu
es
tio
n	5

:	
Th
e	c
ub
e	a
nd
	th
e	f
ru
stu

m	
ha
ve
	th
e	s
am

e	v
olu

me
.	

	 	
	

Fin
d	t
he
	le
ng
th
	of
	AG

.	
	 �
An
sw
er
s

©
 C

O
R

BE
TT

M
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H
S 

20
21

Cli
ck
	he
re
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① ② ③ ④

Finding the Surface Area of Frustums using Similar Triangles

3D View

Halved Cross-Section

14 cm

7 cm

12 cm

6 cm

Curved Surface Area of Large Cone =

6 cm

Curved Surface Area of Small Cone =

Curved Surface Area of Frustum 
+ Top & Base =

3.5 cm

7 cm

6 cm

3D View

Halved Cross-Section

18 cm

5 cm

12 cm
3D View

Halved Cross-Section
28 cm

30 cm

4 cm 3D View

Halved Cross-Section

25 cm

6 cm

20 cm

Curved Surface Area of Large Cone =

Curved Surface Area of Small Cone =

Curved Surface Area of Frustum 
+ Top & Base =

Curved Surface Area of Large Cone =

Curved Surface Area of Small Cone =

Curved Surface Area of Frustum 
+ Top & Base =

Curved Surface Area of Large Cone =

Curved Surface Area of Small Cone =

Curved Surface Area of Frustum 
+ Top & Base =
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① ② ③ ④

⑤ ⑥ ⑦ ⑧

7 Answers 413.84 219.56 340.30 86.91 236.33 390.75 101.19

Surface Area = Surface Area = Surface Area = Surface Area =

Surface Area = Surface Area =Surface Area = Surface Area =

8 cm

10 cm

6 cm

15 cm

A pyramid with its apex vertically 
above a base corner.

9 cm

13 cm

6 cm3 cm
12 cm

4 cm

12 cm

6 cm

10 cm

5 cm

12 cm
3 cm

4 cm

2 cm

11 cm

6 cm
6 cm

Surface Area of Pyramids The apex is above the centre of a square base unless stated.
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① ② ③ ④

Finding the Volume & Surface Area of Frustums using Similar Triangles

3D View

Halved Cross-Section

16 cm

8 cm

10 cm

5 cm

Volume =

5 cm

4 cm

8 cm

5 cm

3D View

Halved Cross-Section

20 cm

5 cm

15 cm
3D View

Halved Cross-Section
30 cm

30 cm

5 cm 3D View

12 cm

3 cm

10 cm

Surface Area =

Volume =

Surface Area =



Purposeful Practice

Page 232

V
ol

u
m

e 
of

 C
yl

in
d

er
s,

 C
on

es
 a

n
d

 S
p

h
er

es
 

 

Vo
lu

m
e 

of
  C

on
e

=
1 3

𝜋𝑟
2 ℎ 

 
Vo

lu
m

e 
of

  C
yl

in
de

r
=

𝜋𝑟
2 ℎ 

 

Vo
lu

m
e 

of
  S

ph
er

e
=

4 3
𝜋𝑟

3  

(a
) 

(b
) 

(c
) 

Fi
nd

 t
he

 v
ol

um
e,

 g
iv

in
g 

yo
ur

 
an

sw
er

 in
 

te
rm

s 
of

 𝜋
 

 

Fi
nd

 t
he

 v
ol

um
e,

 g
iv

in
g 

yo
ur

 
an

sw
er

 t
o 

th
e 

ne
ar

es
t 

cm
3 
 

Fi
nd

 t
he

 v
ol

um
e,

 g
iv

in
g 

yo
ur

 
an

sw
er

 t
o 

3 
si

gn
ifi

ca
nt

 
fig

ur
es

 
   

(d
) 

(e
) 

(f
) 

Fi
nd

 t
he

 v
ol

um
e,

 g
iv

in
g 

yo
ur

 
an

sw
er

 t
o 

3 
si

gn
ifi

ca
nt

 
fig

ur
es

 
 

Fi
nd

 t
he

 v
ol

um
e,

 g
iv

in
g 

yo
ur

 
an

sw
er

 t
o 

2 
de

ci
m

al
 p

la
ce

s 
 

Fi
nd

 t
he

 v
ol

um
e,

 le
av

in
g 

yo
ur

 a
ns

w
er

 
in

 t
er

m
s 

of
 𝜋

 
 

(g
) 

(h
) 

(i
) 

Fi
nd

 t
he

 v
ol

um
e 

of
 t

he
 

he
m

is
ph

er
e 

to
 t

he
 n

ea
re

st
 

cm
3  

 
 

Th
e 

co
ne

 h
as

 a
 v

ol
um

e 
of

 
39

𝜋 
cm

3 .
 

Fi
nd

 t
he

 
he

ig
ht

 ℎ
. 

 

Th
e 

cy
lin

de
r 

ha
s 

a 
vo

lu
m

e 
of

 
61

00
 m

m
2 . F

in
d 

its
 r

ad
iu

s 
to

 
th

e 
ne

ar
es

t 
m

m
. 

 

(j
) 

(k
) 

A
 s

ha
pe

 is
 m

ad
e 

by
 j
oi

ni
ng

 a
 

he
m

is
ph

er
e 

to
 a

 c
yl

in
de

r. 
B
ot

h 
ha

ve
 a

 r
ad

iu
s 

of
 6

.5
 cm

. 
Fi

nd
 t

he
 t

ot
al

 v
ol

um
e 

of
 t

he
 

sh
ap

e.
 

 

A
 s

ha
pe

 is
 m

ad
e 

by
 j
oi

ni
ng

 
a 

co
ne

 t
o 

a 
he

m
is

ph
er

e,
 

w
he

re
 b

ot
h 

sh
ap

es
 h

av
e 

th
e 

sa
m

e 
ra

di
us

. 
Th

e 
to

ta
l 

vo
lu

m
e 

is
 4

02
𝜋 

cm
3 .

 F
in

d 
th

e 
he

ig
ht

 o
f 
th

e 
co

ne
.  
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Bi
gg
es
t 
V
ol
um

e?
 

In
 e

ac
h 

ro
w

, d
et

er
m

in
e 

w
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ha
pe

 h
as

 th
e 

la
rg

es
t v

ol
um

e.
 

w
w

w
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at
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Fu
nc

ti
on

al
 V

ol
um

e 
Ex

am
 Q

ue
st

io
ns
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www.accessmaths.co.uk 

Functional Volume Questions 
 1) James has a swimming pool in the shape of a prism. 
 

 

The swimming pool is empty. 
It is filled with water at a constant rate.  
It takes 4 hours for the water to be 2 meters deep from the deepest 
point.  
a) How long will it take to completely fill the pool? 
Give your answer in hours. 
(1m3 = 1000litres) 
You must show all your working. 
 
 

 

Diagram NOT 

Accurately drawn 
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Functional Volume Questions 
 2) Abigail has a fish tank in the shape of a cuboid. 
 

 

The fish tank is filled with water at a constant rate. 
It takes 6.35 seconds to fill 1 gallon.  
The fish tank is empty. 
a) How long will it take to fill the whole tank? 
1cm3 = 0.001 litres 
1 gallon = 4.54609 litres 
You must show all your working. 
 
 

 

Diagram NOT 

Accurately drawn 
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Functional Volume Questions 
 3) Sachyham has built a new structure to store grain. 
 

 

The structure is empty. 
The structure fills with grain at a constant rate.  
After 3 hours the structure is filled 5 meters above the centre of the 
base.  
a) How long will it take to fill the structure?  
Round your answer to the nearest minute.  
You must show all your working. 
 
 

Diagram NOT 

Accurately drawn 
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w
w

w
.a

cc
es

sm
at

hs
.co

.u
k 

Fu
nc

tio
na

l 
Vo

lu
m

e 
Q

ue
st

io
ns

 
 4

) T
he

 d
ia

gr
am

 s
ho

ws
 a

 s
to

ra
ge

 c
on

ta
in

er
 f

or
 f

lo
ur

. 
  Th

e 
co

nt
ai

ne
r 

is
 a

 c
on

e 
on

 t
op

 o
f 

a 
cy

lin
de

r. 
Th

e 
cy

lin
de

r 
ha

s 
a 

ra
di

us
 o

f 
3m

 a
nd

 a
 h

ei
gh

t 
of

 1
2m

. 
Th

e 
co

ne
 h

as
 a

 r
ad

iu
s 

of
 3

m
 a

nd
 a

 h
ei

gh
t 

of
 h

m
. 

 Th
e 

co
nt

ai
ne

r 
is

 e
m

pt
y.

 
Th

e 
co

nt
ai

ne
r 

is
 t

he
n 

fi
lle

d 
wi

th
 f

lo
ur

 a
t 

a 
co

ns
ta

nt
 r

at
e.

 
 A

ft
er

 3
 h

ou
rs

 t
he

 d
ep

th
 o

f 
th

e 
fl

ou
r 

is
 5

 m
et

er
s 

hi
gh

.  
A

ft
er

 8
 h

ou
rs

 t
he

 c
on

ta
in

er
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 f
ul

l o
f 

fl
ou

r. 
 W

or
k 

ou
t 
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e 

va
lu

e 
of

 h
. 

Yo
u 

m
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 a

ll 
yo

ur
 w
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ki
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D
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A
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w
w

w
.a

cc
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sm
at

hs
.co

.u
k 

Fu
nc

tio
na

l 
Vo

lu
m

e 
Q

ue
st

io
ns

 
 5

) T
he

 d
ia

gr
am

 s
ho

ws
 a

 g
la

ss
 w

at
er

 c
on

ta
in

er
. 

  Th
e 

co
nt

ai
ne

r 
is

 a
 h

em
is

ph
er

e 
on

 t
op

 o
f 

a 
cy

lin
de

r. 
Th

e 
cy

lin
de

r 
ha

s 
a 

di
am

et
er

 o
f 

12
 in

ch
es

 a
nd

 a
 h

ei
gh

t 
of

 1
3 

in
ch

es
. 

Th
e 

he
m

is
ph

er
e 

ha
s 

a 
di

am
et

er
 o

f 
12

 in
ch

es
. 

 Th
e 

co
nt

ai
ne

r 
is

 e
m

pt
y.

 
Th

e 
co

nt
ai

ne
r 

is
 t

he
n 

fi
lle

d 
wi

th
 w

at
er

 a
t 

a 
co

ns
ta

nt
 r

at
e.

 
 A

ft
er

 9
 m

in
ut

es
 t

he
 d

ep
th

 o
f 

th
e 

wa
te

r 
is

 7
 in

ch
es

 h
ig

h.
  

W
ill

 t
he

 c
on

ta
in

er
 b

e 
fu

ll 
af

te
r 

21
 m

in
ut

es
? 

 Ex
pl

ai
n 

yo
ur

 a
ns

we
r. 

Yo
u 

m
us

t 
sh

ow
 a

ll 
yo

ur
 w

or
ki

ng
. 
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T
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w
w

w
.a

cc
es

sm
at

hs
.co

.u
k 

Fu
nc

tio
na

l 
Vo

lu
m

e 
Q

ue
st

io
ns

 
 6

) T
he

 d
ia

gr
am

 s
ho

ws
 a

 r
oc

ke
t. 

  Th
e 

ro
ck

et
 is

 a
 h

em
is

ph
er

e 
on

 t
op

 o
f 

a 
cy

lin
de

r 
on

 t
op

 o
f 

a 
co

ne
. 

Th
e 

he
m

is
ph

er
e 

ha
s 

a 
ra

di
us

 o
f 

3.
9c

m
. 

Th
e 

co
ne

 h
as

 a
 h

ei
gh

t 
of

 5
.3

cm
. 

Th
e 

wh
ol

e 
ro

ck
et

 h
as

 a
 h

ei
gh

t 
of

 1
8.

1c
m

. 
 

 Th
e 

co
nt

ai
ne

r 
is

 e
m

pt
y.

 
Th

e 
ro

ck
et

 is
 t

he
n 

fi
lle

d 
to

 t
he

 t
op

 w
it

h 
fu

el
 a

t 
a 

co
ns

ta
nt

 r
at

e.
 

 A
ft

er
 1

5 
m

in
ut

es
 t

he
 d

ep
th

 o
f 

th
e 

fu
el

 w
ill

 b
e 

7.
7c

m
 a

bo
ve

 t
he

 v
er

te
x 

of
 t

he
 c

on
e.

  
H

ow
 lo

ng
 w

ill
 it

 t
ak

e 
to

 f
ill

 t
he

 w
ho

le
 r

oc
ke

t?
 

Ro
un

d 
yo

ur
 a

ns
we

r 
to

 t
he

 n
ea

re
st

 m
in

ut
e.

 
Yo

u 
m

us
t 

sh
ow

 a
ll 

yo
ur

 w
or

ki
ng

. 
   

D
ia

gr
am

 N
O
T

 

A
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ur
at

el
y 
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S
u

rf
ac

e 
A

re
as

 o
f 

C
yl

in
d

er
s,

 C
on

es
 a

n
d

 S
p

h
er

es
 

 
Cu

rv
ed

 S
ur

fa
ce

 A
re

a 
of

  C
on

e 
=

𝜋𝑟
𝑙 

 
Cu

rv
ed

 S
ur

fa
ce

 A
re

a 
of

 C
yl

in
de

r 
=

2𝜋
𝑟ℎ

 

 
Su

rf
ac

e 
Ar

ea
 o

f  
Sp

he
re

 
=

4𝜋
𝑟2  

(a
) 

(b
) 

(c
) 

Fi
nd

 t
he

 c
ur

ve
d 

su
rf

ac
e 

ar
ea

, 
gi

vi
ng

 
yo

ur
 a

ns
w

er
 

in
 t

er
m

s 
of

 𝜋
 

 

Fi
nd

 t
he

 s
ur

fa
ce

 a
re

a,
 g

iv
in

g 
yo

ur
 a

ns
w

er
 

to
 3

 
si

gn
ifi

ca
nt

 
fig

ur
es

 
 

Fi
nd

 t
he

 c
ur

ve
d 

su
rf

ac
e 

ar
ea

 
gi

vi
ng

 y
ou

r 
an

sw
er

 t
o 

th
e 

ne
ar

es
t 

cm
2  

 

(d
) 

(e
) 

(f
) 

Fi
nd

 t
he

 t
ot

al
 s

ur
fa

ce
 a

re
a,

 
gi

vi
ng

 y
ou

r 
an

sw
er

 t
o 

2 
de

ci
m

al
 p

la
ce

s 
 

Fi
nd

 t
he

 t
ot

al
 s

ur
fa

ce
 a

re
a,

 
gi

vi
ng

 y
ou

r 
an

sw
er

 t
o 

th
e 

ne
ar

es
t 

cm
2  

 

Fi
nd

 t
he

 s
ur

fa
ce

 a
re

a,
 

le
av

in
g 

yo
ur

 
an

sw
er

 in
 

te
rm

s 
of

 𝜋
 

 

(g
) 

(h
) 

(i
) 

Fi
nd

 t
he

 t
ot

al
 s

ur
fa

ce
 a

re
a 

of
 

th
e 

he
m

is
ph

er
e,

 le
av

in
g 

yo
ur

 
an

sw
er

 in
 

te
rm

s 
of

 𝜋
 

Th
e 

co
ne

 h
as

 a
 c

ur
ve

d 
su

rf
ac

e 
ar

ea
 o

f 
17

7 
cm

2 .
 F

in
d 

th
e 

ra
di

us
 𝑟

 t
o 

1 
de

ci
m

al
 

pl
ac

e.
 

 

Th
e 

to
ta

l s
ur

fa
ce

 a
re

a 
is

  
74

4𝜋
 m

m
2 . F

in
d 

th
e 

he
ig

ht
 o

f 
th

e 
cy

lin
de

r. 
 

(j
) 

(k
) 

A
 s

ha
pe

 is
 m

ad
e 

by
 j
oi

ni
ng

 a
 

he
m

is
ph

er
e 

to
 a

 c
yl

in
de

r. 
B
ot

h 
ha

ve
 a

 r
ad

iu
s 

of
 6

.5
 cm

. 
Fi

nd
 t

he
 s

ur
fa

ce
 a

re
a 

of
 t

he
 

co
m

po
un

d 
sh

ap
e 

to
 t

he
 

ne
ar

es
t 

cm
2 .

 
 

A
 s

ha
pe

 is
 m

ad
e 

by
 j
oi

ni
ng

 a
 

co
ne

 t
o 

a 
he

m
is

ph
er

e,
 w

he
re

 
bo

th
 s

ha
pe

s 
ha

ve
 t

he
 s

am
e 

ra
di

us
. 

Th
e 

to
ta

l s
ur

fa
ce

 a
re

a 
is

 2
46

𝜋 
cm

2 .
 F

in
d 

th
e 

sl
an

te
d 

he
ig

ht
 𝑙
 o

f 
th

e 
co

ne
.  
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Surface area 

942.5cm2 

646.5cm2 

5300cm2 

452.4cm2 

304cm2 

42223cm2 

936cm2 

792cm2 

 

1 

2 

4 3 

5 

6 

7 

8 

9 

12cm 

This is a regular 
hexagonal prism. 

8 cm 

15cm 

14 cm 

22.4 cm 

0.6 m 

26 cm 

Careful! The units 
are not the same. 

8 cm 

15cm 

12 cm 

8 cm 

6 cm 

52 cm 

8 cm 

5cm 

12cm 15cm 

0.625 m 

35cm 

0.2 m 

8cm 

20 cm 

Calculate the surface area of these solids.  
Match your answers to the ones below. There is 
one missing answer. Complete this yourself.  

w
w
w
.M
athsPad.co.uk 
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 B
ac

kw
ar

ds
 V

ol
um

e
st

ar
tin

gp
oi

nt
sm

at
hs

.c
om

1
2

3

4
5

6

7
8

9

10

Fi
nd

 th
e 

m
is

si
ng

 v
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ue
 in

 e
ac

h 
qu

es
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n.

Vo
lu

m
e 

= 
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00
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3

H
ei

gh
t =

 ?
R

ad
iu

s 
= 

8c
m

Vo
lu

m
e 

= 
80

0c
m

3

H
ei

gh
t =

 ?
Ar

ea
 o

f B
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e 
= 

8c
m

11
12Vo
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m
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00
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H
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 ?
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f b
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2
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m
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3

H
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 ?
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f c
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2
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m
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m

3

H
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 ?
R
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= 
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m
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m
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= 
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0c
m

3

R
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s 

= 
?
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m
e 

= 
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0c
m

3

H
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m
R
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= 

?
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m
e 
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cm

3

H
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m
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f B
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=
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m

3

H
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m
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 o

f b
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= 

?
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m
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= 
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00
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3

H
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m
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f c
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-s
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= 

?
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m
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= 
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00
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3

H
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t =
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R
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s 

= 
?
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m
e 

= 
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00
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3

D
ia

m
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 =

 ?
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Di
ffi
cu
lt	
Vo
lu
me

	Q
ue
sti
on
s	

1.
  

 
A

 re
ct

an
gu

la
r c

on
ta

in
er

 is
 1

2 
cm

 lo
ng

, 1
1 

cm
 w

id
e 

an
d 

10
 c

m
 h

ig
h.

 
Th

e 
co

nt
ai

ne
r i

s f
ill

ed
 w

ith
 w

at
er

 to
 a

 d
ep

th
 o

f 8
 c

m
. 

 
A

 m
et

al
 sp

he
re

 o
f r

ad
iu

s 3
.5

 c
m

 is
 p

la
ce

d 
in

 th
e 

w
at

er
. 

It 
sin

ks
 to

 th
e 

bo
tto

m
. 

 
Ca

lc
ul

at
e 

th
e 

ris
e 

in
 th

e 
w

at
er

 le
ve

l. 
G

iv
e 

yo
ur

 a
ns

w
er

 c
or

re
ct

 to
 3

 si
gn

ifi
ca

nt
 fi

gu
re

s. 

 2.
 

Th
e 

di
ag

ra
m

 re
pr

es
en

ts 
a 

la
rg

e 
co

ne
 o

f h
ei

gh
t 6

 c
m

 a
nd

 b
as

e 
di

am
et

er
 1

8 
cm

. 

 
Th

e l
ar

ge
 co

ne
 is

 m
ad

e b
y 

pl
ac

in
g 

a s
m

al
l c

on
e A

 o
f h

ei
gh

t 2
 cm

 an
d 

ba
se

 d
ia

m
et

er
 6

 cm
 o

n 
to

p 
of

 a 
fru

stu
m

 
B.

 

 
Ca

lc
ul

at
e 

th
e 

vo
lu

m
e 

of
 th

e 
fru

stu
m

 B
. 

G
iv

e 
yo

ur
 a

ns
w

er
 in

 te
rm

s o
f π

. 

   3.
 

Th
e 

di
ag

ra
m

 sh
ow

s a
 c

yl
in

de
r a

nd
 a

 sp
he

re
. 

Th
e 

ra
di

us
 o

f t
he

 b
as

e 
of

 th
e 

cy
lin

de
r i

s 2
x 

cm
 a

nd
 th

e 
he

ig
ht

 o
f t

he
 c

yl
in

de
r i

s h
 c

m
. 

Th
e 

ra
di

us
 o

f t
he

 sp
he

re
 is

 3
x 

cm
. 

Th
e 

vo
lu

m
e 

of
 th

e 
cy

lin
de

r i
s e

qu
al

 to
 th

e 
vo

lu
m

e 
of

 th
e 

sp
he

re
. 

   
Ex

pr
es

s h
 in

 te
rm

s o
f x

. 
G

iv
e 

yo
ur

 a
ns

w
er

 in
 it

s s
im

pl
es

t f
or

m
. 

  4.
 

A
 re

ct
an

gu
la

r t
ra

y 
ha

s l
en

gt
h 

60
 c

m
, w

id
th

 4
0 

cm
 a

nd
 d

ep
th

 2
 c

m
. 

It 
is 

fu
ll 

of
 w

at
er

. 
Th

e 
w

at
er

 is
 p

ou
re

d 
in

to
 a

n 
em

pt
y 

cy
lin

de
r o

f d
ia

m
et

er
 8

 c
m

. 

 
Ca

lc
ul

at
e 

th
e 

de
pt

h,
 in

 c
m

, o
f w

at
er

 in
 th

e 
cy

lin
de

r. 
G

iv
e 

yo
ur

 a
ns

w
er

 c
or

re
ct

 to
 3

 si
gn

ifi
ca

nt
 fi

gu
re

s. 

 5.
 

A
n 

ic
e 

ho
ck

ey
 p

uc
k 

is 
in

 th
e 

sh
ap

e 
of

 a
 c

yl
in

de
r w

ith
 a

 ra
di

us
 o

f 3
.8

 c
m

, a
nd

 a
 th

ic
kn

es
s o

f 2
.5

 c
m

. 

 
It 

is 
m

ad
e 

ou
t o

f r
ub

be
r w

ith
 a

 d
en

sit
y 

of
 1

.5
 g

ra
m

s p
er

 c
m
3 . 

 

 
W

or
k 

ou
t t

he
 m

as
s o

f t
he

 ic
e 

ho
ck

ey
 p

uc
k.

 
G

iv
e 

yo
ur

 a
ns

w
er

 c
or

re
ct

 to
 3

 si
gn

ifi
ca

nt
 fi

gu
re

s. 
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 c

m

11
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m

3.
5 
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10
 c

m

D
ia

gr
am
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 d
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w
n

N
O
T
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m

11
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m

3.
5 
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m

D
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w
n

N
O
T

3.
8 
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D
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O
T
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 d
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w
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6.
 

Th
e 

di
ag

ra
m

 sh
ow

s a
 m

od
el

. 
Th

e 
m

od
el

 is
 a

 c
ub

oi
d 

w
ith

 a
 p

yr
am

id
 o

n 
to

p.
 

Th
e 

ba
se

 o
f t

he
 m

od
el

 is
 a

 sq
ua

re
 w

ith
 si

de
s o

f l
en

gt
h 

5 
cm

. 
Th

e 
he

ig
ht

 o
f t

he
 c

ub
oi

d 
in

 th
e 

m
od

el
 is

 1
0 

cm
. 

Th
e 

he
ig

ht
 o

f t
he

 p
yr

am
id

 in
 th

e 
m

od
el

 is
 6

 c
m

. 

  (a
) 

Ca
lc

ul
at

e 
th

e 
vo

lu
m

e 
of

 th
e 

m
od

el
. 

 
Th

e 
m

od
el

 re
pr

es
en

ts 
a 

co
nc

re
te

 p
os

t. 
Th

e 
m

od
el

 is
 b

ui
lt 

to
 a

 sc
al

e 
of

 1
:3

0 
Th

e 
su

rfa
ce

 a
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a 
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 th
e 

m
od

el
 is

 2
90

 c
m
2 . 

(b
) 

Ca
lc

ul
at

e 
th

e 
su

rfa
ce

 a
re

a 
of

 th
e 

po
st.

 
G

iv
e 

yo
ur

 a
ns

w
er

 in
 sq

ua
re

 m
et

re
s. 

 7.
 

Th
e 

di
ag

ra
m

 sh
ow

s a
 c

yl
in

de
r. 

Th
e 

ra
di

us
 o

f t
he

 c
yl

in
de

r i
s r

 c
m

. 
Th

e 
le

ng
th

 o
f t

he
 c

yl
in

de
r i

s 1
0 

cm
. 

 
Th

e 
vo

lu
m

e 
of

 th
e 

cy
lin

de
r i

s 1
40

 c
m
3 . 

 
W

or
k 

ou
t t

he
 v

al
ue

 o
f r

. 
G

iv
e 

yo
ur

 a
ns

w
er

 c
or

re
ct

 to
 3

 si
gn

ifi
ca

nt
 fi

gu
re

s. 

 
 8.

 
Be

n 
fil

ls 
a 

co
nt

ai
ne

r w
ith

 b
ox

es
. 

Ea
ch

 b
ox

 is
 a

 c
ub

e 
of

 si
de

 0
.5

 m
. 

 
Th

e 
co

nt
ai

ne
r i

s a
 c

ub
oi

d 
of

 
 

le
ng

th
 9

 m
, 

 
w

id
th

 4
 m

 a
nd

 
 

he
ig

ht
 3

 m
. 

 
W

or
k 

ou
t h

ow
 m

an
y 

bo
xe

s w
ill

 fi
t e
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ct
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 in

to
 th

e 
co

nt
ai

ne
r. 

9.
 

         

6 
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 c

m

5 
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D
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w
n

N
O
T
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m
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SPHERES, CONES AND CYLINDERS 
SURFACE AREA AND VOLUME Ref: G429.2R1 
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A1  A2  A3  A4  
Calculate the curved surface area. 
 

 

Calculate the volume. 
 

 

Calculate the total surface area. 
 

 

Calculate the volume. 

 
B1  B2  B3  B4  
Calculate the volume. 

 

Calculate the curved surface area. 

 

Calculate the volume. 

 

Calculate the total surface area. 

 

C1  C2  C3  C4  
Calculate the surface area. 
 

 

Calculate the volume. 
 

 

Calculate the total surface area of 
the hemisphere. 

 

Calculate the total surface area. 

 
 

2.8 cm 

6 cm 

8 cm 

12 cm 

10 cm 

11 cm 

Calculate the curved surface area. Calculate the volume. Calculate the total surface area. Calculate the 
volume. 

Calculate the volume. Calculate the curved surface area. Calculate the volume. Calculate the total surface area. 

Calculate the surface area. Calculate the volume. Calculate the total surface area of 
the hemisphere. 

Calculate the total surface area. 

17 mm 

9 cm 

12 cm 

7 mm 

13 mm 

8 m 

6 m 12 cm 

11 cm 

14 cm 

15 m 

28 cm 

9 cm 

8.5 m 
6 m 

Hole, ⌀ = 5 cm  

3 cm 

2.8 cm 

6 cm 

8 cm 

12 cm 

10 cm 

11 cm 

Calculate the curved surface area. Calculate the volume. Calculate the total surface area. Calculate the 
volume. 

Calculate the volume. Calculate the curved surface area. Calculate the volume. Calculate the total surface area. 

Calculate the surface area. Calculate the volume. Calculate the total surface area of 
the hemisphere. 

Calculate the total surface area. 

17 mm 

9 cm 

12 cm 

7 mm 

13 mm 

8 m 

6 m 12 cm 

11 cm 

14 cm 

15 m 

28 cm 

9 cm 

8.5 m 
6 m 

Hole, ⌀ = 5 cm  

3 cm 

2.8 cm 

6 cm 

8 cm 

12 cm 

10 cm 

11 cm 

Calculate the curved surface area. Calculate the volume. Calculate the total surface area. Calculate the 
volume. 

Calculate the volume. Calculate the curved surface area. Calculate the volume. Calculate the total surface area. 
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SPHERES, CONES AND CYLINDERS 
WORKING BACKWARDS Ref: G429.2R2 
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A1 Volume is 340 cm3 A2 Volume is 1500 cm3 A3 Surface area is 180 cm2 A4 Volume is 140 cm3 

 
Calculate the height, x. 

 
Calculate the radius. 

 
Calculate the radius, r. 

 
Calculate the height, x. 

B1 Volume is 540 cm3 B2 Curved surface area is 90 m2 B3 Volume is 300 cm3 B4 Total surface area is 540 cm2 

 
Calculate the radius, r. 

 
Calculate the radius, r. 

 
Calculate the diameter, d. 

 
Calculate the diameter, d. 

C1 Volume is 268 cm3 C2 Volume is 770 cm3 C3 Volume is 594 cm3 C4 Total surface area is 100 cm2 

 
Find the surface area. 

 
find the total surface area. 

 
Find the curved surface area. 

 
Find the volume. 

 

2.8 cm 

x cm 

12 cm 

Calculate the height, x. 

24 cm 

Calculate the radius. Calculate the radius, r. Calculate the height, x. 

Calculate the radius, r. Calculate the radius, r. Calculate the height, x. Calculate the height, x. 

Find the surface area. Find the total surface area. Find the curved surface area. Find the volume. 
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8 cm 

8 m 

r 

r 

r 

14 cm 
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4 cm 

2.8 cm 

x cm 

12 cm 

Calculate the height, x. 

24 cm 

Calculate the radius. Calculate the radius, r. Calculate the height, x. 

Calculate the radius, r. Calculate the radius, r. Calculate the height, x. Calculate the height, x. 

Find the surface area. Find the total surface area. Find the curved surface area. Find the volume. 
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Calculate the radius, r. Calculate the radius, r. Calculate the diameter, d. Calculate the height, x. 

Find the surface area. Find the total surface area. Find the curved surface area. Find the volume. 

x cm 

8 cm 

8 m 

r 

r 

r 

14 cm 

18 cm 

4 cm 

d cm 

2.8 cm 

x cm 

12 cm 

Calculate the height, x. 

24 cm 

Calculate the radius. Calculate the radius, r. Calculate the height, x. 

Calculate the radius, r. Calculate the radius, r. Calculate the diameter, d. Calculate the height, x. 

Find the surface area. Find the total surface area. Find the curved surface area. Find the volume. 
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Find the surface area. Find the total surface area. Find the curved surface area. Find the volume. 
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Find the surface area. Find the total surface area. Find the curved surface area. Find the volume. 
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Find the surface area. Find the total surface area. Find the curved surface area. Find the volume. 
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Volume and Surface Area Revision 

(a) (b) (c) (d) 

The volume of a cuboid is 
320 𝑐𝑚3. Its height is 16 𝑐𝑚 and 

the length is 5 𝑐𝑚. Find the 
width of the cuboid. 

Find the surface area of a cube 
with side length 8.5 𝑐𝑚. 

The volume of the prism is 
264 𝑐𝑚3. Find 𝑥. 

 

Find the surface area of this 
prism. 

 

(e) (f) (g) (h) 

Find the volume of the cylinder, 
giving your answer to 3 

significant figures. 
 

Find the total surface area of 
the cylinder, leaving your 

answer in terms of 𝜋. 
 

The volume of a sphere is 
288𝜋 𝑐𝑚3. Find the radius of 

the sphere. 

Find the total surface area of 
the hemisphere, giving your 

answer to 3 significant figures. 
 

(i) (j) (k) 

Find the volume of the cone, 
leaving your answer in terms 

 of 𝜋.   
 

A cone has a slanted height of 10 𝑐𝑚 and a 
curved surface area of 60𝜋 𝑐𝑚2. Find the volume 
of the cone, giving your answer to 3 significant 

figures. 
 

A cylinder has a height of 16 𝑐𝑚 and a radius of 
𝑥 𝑐𝑚. A sphere has a radius of 2𝑥 𝑐𝑚. The 

volume of the cylinder and the sphere are equal. 
Find the value of 𝑥. 
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Mixed Volume and Surface Area Problems 
(a) (b) (c) (d) 
The surface area of a sphere 
with radius 10 𝑐𝑚 is equal to 
the curved surface area of a 
cylinder with the same radius 
as the sphere and height ℎ 𝑐𝑚. 
Find the height ℎ. 

A cylinder with height ℎ 𝑐𝑚 
and radius 6 𝑐𝑚 has the same 
volume as a sphere with radius 
9 𝑐𝑚. Find the value of ℎ. 
 

A metal cylinder is to be melted 
down and turned into spheres 
with radius 3 𝑐𝑚. The cylinder 
has a radius of 12 𝑐𝑚 and a 
height of 25 𝑐𝑚. How many 
whole spheres can be made? 

A cone with slanted height 
25 𝑐𝑚 and radius 8 𝑐𝑚 has 
the same curved surface area 
as a hemisphere. Find the 
radius 𝑟 of the hemisphere. 

(e) (f) (g) (h) 

A cylinder has a radius 𝑟 and 
height 15𝑟. A sphere has 
radius 3𝑟. Find the ratio of the 
volume of the sphere to the 
volume of the cylinder in its 
simplest form. 

A hemisphere with radius 2𝑟 
has the same total surface area 
as a cylinder with radius 𝑟. Find 
the height of the cylinder in 
terms of 𝑟. 

A cone has a radius of 3
2

𝑥 and a 

height of 3𝑥. A sphere has a 
radius of 𝑘𝑥. The ratio of the 
volume of the cone to the 
volume of the sphere is 4 ∶  1. 
Find the value of 𝑘 as a 
fraction in its simplest form.  

A hemisphere of radius (𝑟 + 2) 
is attached to the base of a 
cone with radius (𝑟 + 2) and 
slant height 5𝑟. The total 
surface area of the compound 
shape is 273𝜋. Find the 
volume of the compound 
shape. 
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The volume is 1 litre 
 

Each of these common 3D shapes has a volume of one litre.  
Find the missing length in each case. 
 

 
 

 

 

  

10 cm 5 cm 

ℎ cm 
ℎ cm 

10 cm 

10 cm 
10 cm 
 

ℎ cm 

ℎ cm 

𝑟 cm 

10 cm 

ℎ cm 

10 cm 10 cm 

𝑟 cm 𝑥 cm 
𝑥 cm 
 

10 cm 

𝑥 cm 
𝑥 cm 

𝑥 cm 

𝑟 cm 

10 cm 

ℎ cm 

𝑟 cm 

5 cm 
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r. 

Th
e 

gl
as

s m
us

t h
ol

d 
a 

m
in

im
um

 o
f ½

 li
tre

 o
f l

iq
ui

d.
 

Th
e 

gl
as

s m
us

t h
av

e 
a 

di
am

et
er

 o
f 8

 c
m

. 

C
al

cu
la

te
 th

e 
m

in
im

um
 h

ei
gh

t o
f t

he
 g

la
ss

.  

  

 

       Q
10

. *
 T

he
 d

ia
gr

am
 sh

ow
s t

he
 tr

ia
ng

le
 P

Q
R.

 
 

PQ
 =

 x
 c

m
 

PR
 =

 2
x 

cm
 

 A
ng

le
 Q

PR
 =

 3
0°

 

Th
e 

ar
ea

 o
f t

ria
ng

le
 P

Q
R 

= 
A 

cm
2  

Sh
ow

 th
at

 x
 =

 
 

     Q
11

. 
 Th

e 
di

ag
ra

m
 sh

ow
s a

 p
yr

am
id

. 

BC
D

E 
is

 a
 sq

ua
re

 w
ith

 si
de

s o
f l

en
gt

h 
10

 c
m

. 
Th

e 
ot

he
r f

ac
es

 o
f t

he
 p

yr
am

id
 a

re
 e

qu
ila

te
ra

l t
ria

ng
le

s w
ith

 
si

de
s o

f l
en

gt
h 

10
 c

m
. 

(a
) C

al
cu

la
te

 th
e 

vo
lu

m
e 

of
 th

e 
py

ra
m

id
. 

   
   

G
iv

e 
yo

ur
 a

ns
w

er
 c

or
re

ct
 to

 3
 si

gn
ifi

ca
nt

 fi
gu

re
s. 

  (b
) F

in
d 

th
e 

si
ze

 o
f a

ng
le

 D
AB

. 
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Q
12

. 
 

 

AB
C

D
 is

 a
 sq

ua
re

 w
ith

 a
 si

de
 le

ng
th

 o
f 4

x 
M

 is
 th

e 
m

id
po

in
t o

f D
C

. 
N

 is
 th

e 
po

in
t o

n 
AD

 w
he

re
 N

D
 =

 x
 

BM
N

 is
 a

 ri
gh

t-a
ng

le
d 

tri
an

gl
e.

 

Fi
nd

 a
n 

ex
pr

es
si

on
, i

n 
te

rm
s o

f x
, f

or
 th

e 
ar

ea
 o

f 
tri

an
gl

e 
BM

N
. 

G
iv

e 
yo

ur
 e

xp
re

ss
io

n 
in

 it
s s

im
pl

es
t f

or
m

. 
 

   

 Q
13

. 
Th

e 
di

ag
ra

m
 sh

ow
s a

 p
ris

m
. 

A
ll 

m
ea

su
re

m
en

ts
 a

re
 in

 c
m

. 
A

ll 
co

rn
er

s a
re

 ri
gh

t a
ng

le
s. 

Th
e 

vo
lu

m
e 

of
 th

e 
pr

is
m

 is
 V

 c
m

3 . 

Fi
nd

 a
 fo

rm
ul

a 
fo

r V
. 

              

    Q
14

. 
 A

 w
at

er
 tr

ou
gh

 is
 in

 th
e 

sh
ap

e 
of

 a
 p

ris
m

. 

 
H

am
is

h 
fil

ls
 th

e 
tro

ug
h 

co
m

pl
et

el
y.

 

W
at

er
 le

ak
s f

ro
m

 th
e 

bo
tto

m
 o

f t
he

 tr
ou

gh
 a

t a
 c

on
st

an
t r

at
e.

 
2 

ho
ur

s l
at

er
, t

he
 le

ve
l o

f t
he

 w
at

er
 h

as
 fa

lle
n 

by
 2

0 
cm

. 

W
at

er
 c

on
tin

ue
s t

o 
le

ak
 fr

om
 th

e 
tro

ug
h 

at
 th

e 
sa

m
e 

ra
te

. 

H
ow

 m
an

y 
m

or
e 

m
in

ut
es

 w
ill

 it
 ta

ke
 fo

r t
he

 tr
ou

gh
 to

 e
m

pt
y 

co
m

pl
et

el
y?

 

     



4 Advanced Probability

Page 274



Fluency Practice

Page 275

C
on

st
ru

ct
in

g
 T

h
re

e 
S

et
 V

en
n

s 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

𝜉
=

{ 1
 𝑡𝑜

 1
0 

𝑖𝑛
𝑐𝑙

𝑢𝑠
𝑖𝑣

𝑒}
 

𝐴
=

{ 1
 𝑡𝑜

 5
 𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 

𝐵
=

{ 𝑒
𝑣𝑒

𝑛 
𝑛𝑢

𝑚
𝑏𝑒

𝑟𝑠
}  

𝐶
=

{3
 𝑡𝑜

 7
 𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

𝜉
=

{ 1
 𝑡𝑜

 1
2 

𝑖𝑛
𝑐𝑙

𝑢𝑠
𝑖𝑣

𝑒}
 

𝐴
=

{ 𝑝
𝑟𝑖

𝑚
𝑒 

𝑛𝑢
𝑚

𝑏𝑒
𝑟𝑠

}  

𝐵
=

{ 𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
6}

 

𝐶
=

{𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
3}

 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

 

𝜉
=

{ 𝑎
 𝑡𝑜

 𝑗 
𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 

𝐴
=

{ ℎ
,𝑖

,𝑗
}  

𝐵
=

{ 𝑎
,𝑐

,𝑒
,𝑔

,𝑖
}  

𝐶
=

{𝑒
,𝑓

,𝑔
,ℎ

,𝑖
} 

 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

 

𝜉
=

{ 1
0 

𝑡𝑜
 2

0 
𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 

𝐴
=

{ 𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
2}

 

𝐵
=

{ 𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
3}

 

𝐶
=

{𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
5}

 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

 

𝜉
=

{ 1
 𝑡𝑜

 1
5 

𝑖𝑛
𝑐𝑙

𝑢𝑠
𝑖𝑣

𝑒}
 

𝐴
=

{ 𝑥
:3

≤
𝑥

≤
9}

 

𝐵
=

{ 𝑜
𝑑𝑑

 𝑛
𝑢𝑚

𝑏𝑒
𝑟𝑠

}  

𝐶
=

{7
,8

,9
,1

0,
11

} 
 

C
on

st
ru

ct
in

g
 T

h
re

e 
S

et
 V

en
n

s 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

𝜉
=

{ 1
 𝑡𝑜

 1
0 

𝑖𝑛
𝑐𝑙

𝑢𝑠
𝑖𝑣

𝑒}
 

𝐴
=

{ 1
 𝑡𝑜

 5
 𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 

𝐵
=

{ 𝑒
𝑣𝑒

𝑛 
𝑛𝑢

𝑚
𝑏𝑒

𝑟𝑠
}  

𝐶
=

{3
 𝑡𝑜

 7
 𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

𝜉
=

{ 1
 𝑡𝑜

 1
2 

𝑖𝑛
𝑐𝑙

𝑢𝑠
𝑖𝑣

𝑒}
 

𝐴
=

{ 𝑝
𝑟𝑖

𝑚
𝑒 

𝑛𝑢
𝑚

𝑏𝑒
𝑟𝑠

}  

𝐵
=

{ 𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
6}

 

𝐶
=

{𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
3}

 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

 

𝜉
=

{ 𝑎
 𝑡𝑜

 𝑗 
𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 

𝐴
=

{ ℎ
,𝑖

,𝑗
}  

𝐵
=

{ 𝑎
,𝑐

,𝑒
,𝑔

,𝑖
}  

𝐶
=

{𝑒
,𝑓

,𝑔
,ℎ

,𝑖
} 

 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

 

𝜉
=

{ 1
0 

𝑡𝑜
 2

0 
𝑖𝑛

𝑐𝑙
𝑢𝑠

𝑖𝑣
𝑒}

 

𝐴
=

{ 𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
2}

 

𝐵
=

{ 𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
3}

 

𝐶
=

{𝑚
𝑢𝑙

𝑡𝑖
𝑝𝑙

𝑒𝑠
 𝑜

𝑓 
5}

 
 Il
lu

st
ra

te
 w

ith
 a

 V
en

n 
di

ag
ra

m
. 

 

𝜉
=

{ 1
 𝑡𝑜

 1
5 

𝑖𝑛
𝑐𝑙

𝑢𝑠
𝑖𝑣

𝑒}
 

𝐴
=

{ 𝑥
:3

≤
𝑥

≤
9}

 

𝐵
=

{ 𝑜
𝑑𝑑

 𝑛
𝑢𝑚

𝑏𝑒
𝑟𝑠

}  

𝐶
=

{7
,8

,9
,1

0,
11

} 
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H
ar

d
er

 T
w

o 
S

et
 P

ra
ct

ic
al

 P
ro

b
le

m
s 

 Th
er

e 
ar

e 
30

 s
tu

de
nt

s 
in

 a
 c

la
ss

. 
18

 s
tu

dy
 

S
pa

ni
sh

. 
13

 s
tu

dy
 G

er
m

an
. 
7 

st
ud

y 
ne

ith
er

 S
pa

ni
sh

 n
or

 G
er

m
an

. 
C
om

pl
et

e 
th

e 
V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 
in

fo
rm

at
io

n 
an

d 
fin

d 
th

e 
nu

m
be

r 
of

 
st

ud
en

ts
 w

ho
 s

tu
dy

 S
pa

ni
sh

 a
nd

 G
er

m
an

. 

 

 In
 a

 g
ro

up
 o

f 
25

 p
eo

pl
e,

 8
 s

ai
d 

th
ey

 h
ad

 
be

en
 t

o 
th

e 
th

ea
tr

e 
re

ce
nt

ly
. 

15
 s

ai
d 

th
ey

 
ha

d 
be

en
 t

o 
th

e 
lib

ra
ry

 r
ec

en
tly

, 
an

d 
10

 
sa

id
 t

he
y 

ha
d 

be
en

 t
o 

ne
ith

er
 t

he
 t

he
at

re
 

or
 t

he
 li

br
ar

y 
re

ce
nt

ly
. 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n 

an
d 

fin
d 

th
e 

nu
m

be
r 

of
 p

eo
pl

e 
w

ho
 h

ad
 o

nl
y 

be
en

 t
o 

th
e 

lib
ra

ry
 r

ec
en

tly
. 

 In
 a

 c
la

ss
 o

f 
30

 s
tu

de
nt

s,
 1

5 
pl

ay
 f
oo

tb
al

l 
an

d 
11

 p
la

y 
te

nn
is

. 
Tw

ic
e 

as
 m

an
y 

st
ud

en
ts

 p
la

y 
ne

ith
er

 s
po

rt
 a

s 
pl

ay
 b

ot
h 

sp
or

ts
. 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n 

an
d 

fin
d 

th
e 

nu
m

be
r 

of
 

st
ud

en
ts

 w
ho

 p
la

y 
bo

th
 f
oo

tb
al

l a
nd

 
te

nn
is

. 

 Th
er

e 
ar

e 
50

 c
ar

s 
in

 a
 c

ar
 p

ar
k.

 4
0%

 o
f 

th
e 

ca
rs

 a
re

 F
or

ds
. 

O
f 
th

e 
Fo

rd
s,

 6
 w

er
e 

w
hi

te
. 

Th
er

e 
w

er
e 

th
re

e 
tim

es
 a

s 
m

an
y 

ca
rs

 t
ha

t 
w

er
e 

ne
ith

er
 w

hi
te

 n
or

 F
or

d 
as

 
th

er
e 

w
er

e 
w

hi
te

 F
or

ds
. 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n.

 
Fi

nd
: 

(a
) 

th
e 

nu
m

be
r 

of
 c

ar
s 

th
at

 w
er

e 
w

hi
te

, 
bu

t 
no

t 
Fo

rd
s.

 
(b

) 
th

e 
nu

m
be

r 
of

 c
ar

s 
th

at
 w

er
e 

Fo
rd

s,
 

bu
t 

no
t 

w
hi

te
. 

H
ar

d
er

 T
w

o 
S

et
 P

ra
ct

ic
al

 P
ro

b
le

m
s 

 Th
er

e 
ar

e 
30

 s
tu

de
nt

s 
in

 a
 c

la
ss

. 
18

 s
tu

dy
 

S
pa

ni
sh

. 
13

 s
tu

dy
 G

er
m

an
. 
7 

st
ud

y 
ne

ith
er

 S
pa

ni
sh

 n
or

 G
er

m
an

. 
C
om

pl
et

e 
th

e 
V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 
in

fo
rm

at
io

n 
an

d 
fin

d 
th

e 
nu

m
be

r 
of

 
st

ud
en

ts
 w

ho
 s

tu
dy

 S
pa

ni
sh

 a
nd

 G
er

m
an

. 

 

 In
 a

 g
ro

up
 o

f 
25

 p
eo

pl
e,

 8
 s

ai
d 

th
ey

 h
ad

 
be

en
 t

o 
th

e 
th

ea
tr

e 
re

ce
nt

ly
. 

15
 s

ai
d 

th
ey

 
ha

d 
be

en
 t

o 
th

e 
lib

ra
ry

 r
ec

en
tly

, 
an

d 
10

 
sa

id
 t

he
y 

ha
d 

be
en

 t
o 

ne
ith

er
 t

he
 t

he
at

re
 

or
 t

he
 li

br
ar

y 
re

ce
nt

ly
. 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n 

an
d 

fin
d 

th
e 

nu
m

be
r 

of
 p

eo
pl

e 
w

ho
 h

ad
 o

nl
y 

be
en

 t
o 

th
e 

lib
ra

ry
 r

ec
en

tly
. 

 In
 a

 c
la

ss
 o

f 
30

 s
tu

de
nt

s,
 1

5 
pl

ay
 f
oo

tb
al

l 
an

d 
11

 p
la

y 
te

nn
is

. 
Tw

ic
e 

as
 m

an
y 

st
ud

en
ts

 p
la

y 
ne

ith
er

 s
po

rt
 a

s 
pl

ay
 b

ot
h 

sp
or

ts
. 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n 

an
d 

fin
d 

th
e 

nu
m

be
r 

of
 

st
ud

en
ts

 w
ho

 p
la

y 
bo

th
 f
oo

tb
al

l a
nd

 
te

nn
is

. 

 Th
er

e 
ar

e 
50

 c
ar

s 
in

 a
 c

ar
 p

ar
k.

 4
0%

 o
f 

th
e 

ca
rs

 a
re

 F
or

ds
. 

O
f 
th

e 
Fo

rd
s,

 6
 w

er
e 

w
hi

te
. 

Th
er

e 
w

er
e 

th
re

e 
tim

es
 a

s 
m

an
y 

ca
rs

 t
ha

t 
w

er
e 

ne
ith

er
 w

hi
te

 n
or

 F
or

d 
as

 
th

er
e 

w
er

e 
w

hi
te

 F
or

ds
. 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n.

 
Fi

nd
: 

(a
) 

th
e 

nu
m

be
r 

of
 c

ar
s 

th
at

 w
er

e 
w

hi
te

, 
bu

t 
no

t 
Fo

rd
s.

 
(b

) 
th

e 
nu

m
be

r 
of

 c
ar

s 
th

at
 w

er
e 

Fo
rd

s,
 

bu
t 

no
t 

w
hi

te
. 
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Th
re

e 
S

et
 P

ra
ct

ic
al

 P
ro

b
le

m
s 

 In
 a

 g
ro

up
 o

f 
10

0 
st

ud
en

ts
, 

42
 s

tu
dy

 
S
ta

tis
tic

s,
 4

0 
st

ud
y 

M
at

he
m

at
ic

s,
 a

nd
 5

0 
st

ud
y 

Ph
ys

ic
s.

 2
1 

st
ud

y 
M

at
he

m
at

ic
s 

an
d 

Ph
ys

ic
s,

 1
9 

st
ud

y 
S
ta

tis
tic

s 
an

d 
Ph

ys
ic

s,
 

17
 s

tu
dy

 S
ta

tis
tic

s 
an

d 
M

at
he

m
at

ic
s 

an
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1∙ Draw a Venn diagram to represent each set of information

a∙
There are 80 students.
9 students study French (F) and German (G).
35 students only study French.
2 students do not study French or German.

b∙
50 children were eating lunch.
11 students only had chips (C).
20 students only had a burger (B).
13 students had both chips and a burger.

c∙
In a group of 24 students, 
13 like only oranges (O).
2 like only bananas (B).
4 don’t like oranges or bananas. 

d∙
There are 32 students. 
24 students study History (H), Geography (G) or both.
15 students only study History. 
5 students only study Geography.

2∙ Draw a Venn diagram to represent each set of information

a∙
40 people were asked if they had a cat (C) 
or a dog (D). 
10 people owned both pets.
17 people owned a cat.
14 people didn’t own either pet.

b∙
110 workers were asked if they liked tea (T) 
or coffee (C).
90 workers liked tea.
41 worked liked coffee. 
25 worked like tea and coffee. 

c∙
In a class of 24 students, 
12 students play the piano (P).
13 students play the guitar (G).
4 students play neither instrument.

d∙
100 people were asked if they had visited 
Rome (R) or Paris (P).
38 had been to Rome. 
80 had been to Paris. 
11 had not been to either city. 

3∙ Draw a Venn diagram to represent each set of information

a∙
32 students were asked which club they belong to.
6 students are only part of the art club (A).
2 students are only part of the chess club (C). 
3 students are only part of the drama club (D). 
5 students belong to all three clubs.
2 students are part of the art and chess clubs, but not the drama club.
15 student is part of the art and drama clubs, but not the chess club.
7 students are not part of any of the clubs.

b∙
60 people were asked which fruits they liked.
40 people said they liked melons (M).
42 people said they liked pears (P).
25 people said they liked strawberries (S).
6 people said they liked all three fruits.
20 people said they liked melons and pears, but not strawberries.
10 people said they liked pears and strawberries, but not melons.  
6 people said they liked melons and strawberries, but not pears. 

4∙ Find the value of x, and then find the frequency of each region.

a∙
150 students were asked whether 
they studied French or German.  

b∙
30 people were asked whether
they had a dog (D) or a cat (C).2x+3 19

56

x+9

F G𝜉

2x x

2x−3

x+9

C D𝜉
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8. A person’s blood group is determined by whether or not it contains any of 3 substances
A, B and C. A doctor surveyed 300 patients’ blood and produced the table below.

Blood contains No. of patients
only C 100

A and C but not B 100
only A 30

B and C but not A 25
only B 12

A, B and C 10
A and B but not C 3

(a) Draw a Venn diagram to represent this information.

(b) Find the probability that a randomly chosen patient’s blood contains substance C.

Patients whose blood contains none of these substances are called universal blood donors.

(c) Find the probability that a randomly chosen patient is a universal blood donor.

3 J.M.Stone
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GCSE Sets 
 

 
Exercise 1 – Constructing Venn Diagrams 
 
1. ! = {4,5,6,7,8},	

, = {5,6,7}	
- = {6,7,8} 

Construct a Venn Diagram to show these sets. 
 

2. ! = {1,2,3,4,5,6,7,8}	
, = {1,2,3,8},	
- = {3,4,5,8}	
1 = {1,5,6,8} 

Construct a Venn Diagram to show these sets. 
 

3. ! = {1,2, … ,10}  
, = set of all primes 
- = triangular numbers 
1 = 1 less than multiple of 4 
Construct a Venn diagram for these sets. 
 

4. You have two sets , and - and - ⊂ ,. Draw a 
Venn Diagram (without any numbers) that 
indicates the relationship between the sets. 
 

5. You have three sets ,, 	- and 1 and 
 , ⊂ 1. Draw a Venn Diagram (without any 
numbers) that indicates the relationship between 
the sets. 
 

N The power set of a set is the set of all possible 
subsets, including the empty set and itself. E.g. 

5({1,2}) = 8∅, {1}, {2}, {1,2}: 
a. Determine 5({1,2,3}) 
b. Determine how many members 5(,) has 

for a set of , of size ;. 

 
Exercise 2 – Venn Diagrams involving Frequencies 

 
Test Your Understanding question: 

 [Jan 2012 Q6] The following shows the results of a survey 
on the types of exercise taken by a group of 
100 people. 
 
 65 run 48 swim  60 cycle 
 40 run and swim 30 swim and cycle 
 35 run and cycle 25 do all three 
 
(a)  Draw a Venn Diagram to represent these data.
      (4) 
 
Find the probability that a randomly selected person 
from the survey 
(b)  takes none of these types of exercise, (2) 
(c)  swims but does not run,  (2) 
(d)  takes at least two of these types of exercise.
      (2) 
Jason is one of the above group. 
Given that Jason runs, 
(e)  find the probability that he swims but does not 
cycle.     (3) 
 

1. [JMC 2002 Q11] The Pythagoras School of Music 
has 100 students. Of these, 60 are in the band and 20 
are in the orchestra. Given that 12 students are in 
both the band and the orchestra, how many are in 
neither the band nor the orchestra? 
 

2. [Edexcel S1 May 2010 Q4] The Venn diagram in 
Figure 1 shows the number of students in a class who 
read any of 3 popular magazines A, B and C. 
 

 
One of these students is selected at random. 
(a)  Show that the probability that the student reads 
more than one magazine is .  (2) 
(b)  Find the probability that the student reads A or 
B (or both).    (2) 
(c)  Write down the probability that the student 
reads both A and C.   (1) 

 

Given that the student reads at least one of the 
magazines, 
 
(d)  find the probability that the student reads C.
      (2) 
 

3. [Edexcel S1 Jan 2010 Q4] There are 180 
students at a college following a general course in 
computing. Students on this course can choose to 
take up to three extra options. 

 
  112 take systems support, 
  70 take developing software, 
  81 take networking, 
      35 take developing software and systems support, 
  28 take networking and developing software, 
  40 take systems support and networking, 
  4   take all three extra options. 
 

6
1
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Creating Venns
1

ξ
grey circle

a

ξ
circle white

c

ξ
grey square

b

ξ
circle square

d

3
ξ

white triangle

a

ξ
black square

c

ξ
grey circle

b

ξ
polygon grey

d

2
ξ

grey circle

a

ξ
black square

c

ξ
white square

b

ξ
triangle white

d

4
ξ

pentagon white

a

ξ
square

not
grey

c

ξ
black triangle

b

ξ
d

For each population of shapes, complete the 4 Venn diagrams.

pentagon white

odd no.
of sides triangle

How else could we draw these last two Venn diagrams?

Is this a correct diagram?
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Creating Venns

1
ξ

grey circle

a
ξ

grey square

b

3
ξ

grey circle

a
ξ

black square

b

2
ξ

grey circle

a
ξ

white triangle

b

4
ξ

pentagon white

a
ξ

grey square

b

Each diagram shows a different bag of coloured shapes.
Complete the Venn diagrams & use them to calculate each probability.

What is…

If a shape is 
picked from

this bag…

P(grey shape) = 

P(grey square) = 

P(grey circle) = 

What is… P(grey circle) = 

P(not grey and not a circle) = 

P(not a white triangle) = 

What is… P(a grey circle) = 

A square has been picked from the bag.
What is the probability it is black?

P(not a black square) = 

As a percentage, what is…

P(not a white pentagon) = 

P(a grey shape is a square) = 

P(a square is not grey) = 
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1 ξ
regular white

quadrilateral

2 ξ
quadrilateral regular

grey

Shape 
Venns

3 ξ
irregular grey

pentagon

4 ξ
hexagon regular

white

If a shape is picked randomly, what is:

P(a regular white quadrilateral) 

P(a white quadrilateral) 

If a shape is picked randomly, what is:

P(a irregular grey quadrilateral) 

P(a regular non-grey shape) 

A pentagon has been picked,
what is P(it is grey)? 

A grey shape has been picked,
what is P(it is an irregular pentagon)? 

What is…

P(the shape is white, given that it is regular)?

P(an irregular shape is not white) 
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 p
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 c
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 m
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A fair spinner.

④ ⑤ ⑥

The General Addition Law

⑦ ⑧ ⑨

① ② ③

6

21

5
8 4

7

3
ξ even prime

P(even) = 
ସ
଼

P(prime) = 
ସ
଼

P(even or prime) = 
଻
଼

A fair spinner.

ξ even square

P(even) = 
ଷ
଺

P(square) = 
ଶ
଼

P(even or square) = 
ସ
଼

3

6

2

5 1

4

A fair spinner.

ξ odd square

P(odd) = 
ହ
ଵ଴

P(square) = 
ଷ
ଵ଴

P(even or square) = 
଺
ଵ଴
= ଷ

ହ

6 5
4
3

210
9
8

7

1

10 cards: 1 to 10

ξ even >6

P(even) = 
ହ
ଵ଴

P(greater than 6) = 
ସ
ଵ଴

P(even or greater than 6) = 
଻
ଵ଴

15 cards: 1 to 15

ξ prime <8

P(prime) = 
଺
ଵହ

P(less than 8) = 
଻
ଵହ

P(prime or less than 8) = 
ଽ
ଵହ
= ଷ

ହ

20 cards: 1 to 20

ξ multiple of 4 multiple of 5

P(multiple of 4) = 
ହ
ଶ଴

P(multiple of 5) = 
ସ
ଶ଴

P(multiple of 4 or multiple of 5) = 
଼
ଶ଴
= ଶ

ହ

You can complete 
the Venn

diagram with totals.

30 students:
12 with blonde hair
13 with glasses
10 students without 
blonde hair or glasses

ξ

If we pick a student that is blonde, 
what is the probability they wear glasses?

A bag contains
50 spheres with 

the numbers 
1 to 50.

ξ

P(multiple of 7 or even) = 
ଶଽ
ହ଴

A bag contains
100 spheres with 

the numbers 
1 to 100.

ξ

P(multiple of 4 or a multiple of 10) = 
଻଴
ଵ଴଴

= ଻
ଵ଴
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conditional probability 
and venn diagrams

(1) (2)

(3) (4)

30 students in a class
20 have a brother
16 have a sister
12 have a brother but not a sister

what is the probability of picking a 
student at random that has a brother, 
given that they have a sister?

a survey of 125 students 
asked whether they have a cat or a 
dog in their home
61 had a cat
68 had a dog
13 had neither

what is the probability of picking a 
student at random that has a cat, 
given that they have a dog?

50 students 
went to an activity camp
38 did climbing
13 did climbing and canoeing
  4 did neither climbing or canoeing

what is the probability of picking a 
student at random that did canoeing, 
given that they did not do climbing?

a discrete survey of 90 students 
asked if they have a laptop or a 
tablet, or both, or neither
40 had a laptop
57 had a tablet
23 had neither

what is the probability of picking a 
student at random that has a laptop, 
given that they own just one of these 
devices?
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Venn Diagrams with Algebra 

(a) (b) (c) 

Some children are asked about 
whether they have any sisters or 

brothers. Six children said they had 
both sisters and brothers. Eight 

children said they had no sisters or 
brothers. Seven children said they had 
brothers but no sisters. 𝑥 children said 

they had sisters.  
 

(i) Complete the Venn diagram, giving 
numbers in terms of 𝑥 where needed. 
 

 
 

(ii) Given that there are 30 children in 
total, find the value of 𝑥 using 
algebra. 

Some students are asked whether they study 
French, German or Spanish. Four students 
study all three languages. Six study both 
French and German, and 𝑥 students study 

French and Spanish. No students study both 
German and Spanish but not French. 21 
students study French. 15 students study 
Spanish. 18 students study German. All 

students must study at least one language. 
 

(i) Complete the Venn diagram, giving 
numbers in terms of 𝑥 where needed. 
 

 
 

(ii) Given that there are 40 students in total, 
find the value of 𝑥 using algebra. 

Some TV viewers are asked whether they 
enjoy drama, comedy or sport programmes. 
Six viewers enjoy none of them. 𝑥 viewers 
enjoy all three programmes. 15 viewers 
enjoy both drama and sport. 30 viewers 

enjoy both comedy and drama. 21 viewers 
enjoy both sport and comedy. 43 viewers 
enjoy comedy. 56 viewers enjoy sport. 38 

viewers enjoy drama. 
 

(i) Complete the Venn diagram, giving 
numbers in terms of 𝑥 where needed. 
 

 
 

(ii) Given that there are 90 viewers in total, 
find the value of 𝑥 using algebra. 
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Shading Two Set Venn Diagrams 

(a) (b) (c) (d) 

Shade 𝐴′ 

 

Shade 𝐴 ∩ 𝐵 

 

Shade 𝐴 ∪ 𝐵 

 

Describe the region shaded 

 

(e) (f) (g) (h) 

Describe the region shaded 

 

Shade 𝐴 ∩ 𝐵′ 

 

Shade 𝐴′ ∩ 𝐵′ 

 

Describe the region shaded 

 

(i) (j) (k) (l) 

Shade 𝐴′ ∪ 𝐵 

 

Shade (𝐴∪𝐵)′ 

 

Describe the region shaded 

 
 

Describe the region shaded 
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Sets and Venns Revision 
(a) (b) (c) (d) 

𝜉 = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} 
𝐴 = {1, 2, 3, 4, 5, 6} 

𝐵 = {𝑒𝑣𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟𝑠} 
List the members of 𝐴 ∩ 𝐵 

𝜉 = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} 
𝐴 = {𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 9} 

𝐵 = {𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒𝑠 𝑜𝑓 4} 
List the members of 𝐴 ∪ 𝐵 

𝜉 = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} 
𝐴 = {𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 9} 

𝐵 = {𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒𝑠 𝑜𝑓 4} 
Anna says that 𝐴 ∩ 𝐵 = ∅. Is she 

correct? 
 

𝐴 = {1, 3, 5, 7, 9} 
𝐴 ∩ 𝐵 = {1, 3} 

𝐴 ∪ 𝐵 = {0, 1, 2, 3, 4, 5, 7, 9} 
List the members of 𝐵 

(e) (f) (g) (h) 

Shade the region which 
represents 𝐴 ∩ 𝐵′ 

 

 

Shade the region which 
represents 𝐴′ ∪ 𝐵 

 

 

Show in a Venn diagram. 
𝜉 = {1,  2,  3,  4,  5,  6,  7,  8,  9,  10} 

𝐴 = {1,  4,  9,  10}  
𝐵 = {2,  4,  6,  8,  10} 

 

 

List the members of 𝐵′  
and 𝐴′ ∩ 𝐵′ 

 

 

(i) (j) 

In a group of 20 students, 
11 like Maths and 10 like 

English. 2 like neither 
subject.  

(a) Complete the Venn 
diagram. 

(b) How many students 
like Maths but not English? 

 

There are 32 students in a 
class. 21 students like 
Spanish and 15 like 

Geography. There are 
twice as many students 

who like both subjects as 
like neither.  

(a) Complete the Venn 
diagram. 

(b) How many students 
like only Spanish? 
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Creating Venns

1
ξ

Grey Circle

a
ξ

Grey Square

b

3
ξ

Black Triangle

a
ξ

Grey Circle

b

2
ξ

Grey Circle

a
ξ

White Triangle

b

4
ξ

Pentagon White

a
ξ

Triangle Black

b

Each diagram shows a different bag of coloured shapes.
Complete the Venn diagrams & use them to calculate each probability.

Shade the diagrams to show the areas defined by the notation.

A shape is 
picked from

this bag…

P(G ∪ C) = 
ξ

Square White

c

ξ
Grey Square

c

ξ
Black Square

c

ξ
Grey Square

c

P(G ∪ S) = 

P(S ∪W) = 

P(G ∩ C) = 

P(W ∩ T) = 

P(B ∩ S) = 

P(T’) = 

P(G’) = 

P(S ∪ G’) = 

P(P ∪W) = 

P(T ∩ B) = 

P(G’ ∩ S’) = 
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1 ξ
Regular White

Quadrilateral

2 ξ
Quadrilateral Regular

Grey

Shape 
Venns

3 ξ
Irregular Grey

Pentagon

4 ξ
Hexagon Regular

White

If a shape is picked randomly, what is:

Shade R∩W∩Q

P(W’) = 

If a shape is picked randomly, what is:

Shade Q∪R

P(Q∪R∪G) = 

What is the probability of randomly 
picking a shape in the set (G∩P)’  ?

Shade G∩P Shade R∪W

What is the probability of randomly 
picking a shape in the set (H∪W)’  ?
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E
C E

1. 60 people were asked if they read either of two local 
newspapers, the Chronicle and the Echo.

www.MathsPad.co.uk

E
T C

2. 85 people were asked about whether they like tea or coffee.

4. Students at a college can take part in different extra-curricular 
activities, including Aerobics classes, Badminton and Chess club.

Venn Diagrams 5

12 people read both newspapers.
36 people read the Chronicle.
25 people read the Echo.

(a) Write the number of 
people who belong in each 
section of the Venn diagram.

67 like at least one of the drinks.
29 like tea, but not coffee.
22 like coffee, but not tea.

(a) Write the number of 
people who belong in each 
section of the Venn 
diagram.

E
A B

C

In a group of 140 students,
7 do all three activities,
34 do aerobics and badminton,
22 do aerobics and chess,
19 do badminton and chess,
76 do aerobics,
62 do badminton,
46 do chess.

(a) Complete the Venn diagram.

(b) How many students do
none of the three activities?

(b) What proportion of 
people read neither 
newspaper?

(b) One of the people is 
chosen at random. Work 
out P(T ∩ C) = 

E
F S

3. At a school, all pupils study French, Spanish or both.

In a class of 30 pupils 21 pupils study French and 13 pupils 
study Spanish.

(a) Write the number of 
people who belong in each 
section of the Venn diagram.

(b) A pupil is picked at 
random from the class. 
Work out:

P(F ∩ S) = 

P(F’) = 
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E
A B

1. The proportion of elements in three of the sections of a Venn 
diagram are shown.

www.MathsPad.co.uk

E
C D

2. In a survey, people were asked about their pets.

4. Students at a school can choose to study GCSEs in Art, 
Geography and History.

Venn Diagrams 6

An element is chosen at 
random. Work out:

(a) P(A ∪ B) =

(b) P(B) = 

(c) P(A’) = 

(d) P(B’) = 

34% had a pet cat (C)
42% had a pet dog (D)
11% had both a cat and a 
dog.

E
A G

H

In a group of students,
12% study all of the subjects,
19% study Art and Geography,
23% study Art and History,
27% study Geography and History,
40% study Art,
54% study Geography,
2% study none of the subjects.

3. The proportion of elements in two of the sections of a Venn 
diagram are shown.

A fifth of the elements are in neither A nor B.

(a) Complete the Venn diagram.

ଵ
ଵଶ

ଵ
ସ

ଵ
ଷ

(a) Write the proportion of 
people who belong in each 
section of the Venn diagram.

(b) One of the people is chosen at random.
Work out the probability that they have a 
cat, given that they have a dog. 

E
A B

0.30.45

(b) One of the elements is 
chosen at random.

Work out the probability that 
the element is in A, given 
that it is not in B. (b) What proportion of the Art students also study History?

(a) Complete the Venn diagram. 
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E
A B

The numbers in the Venn diagrams show the 
proportions of elements that belong in each 
section. Use the clues to complete them.

www.MathsPad.co.uk

Venn Diagrams 7

A & B C & D E & F G & H I & J K & L

Exhaustive

Mutually Exclusive
Independent

Put a tick in the 
5 correct boxes.

E
C D

E
E F

E
G H

E
I J

E
K L

P(A ∩	B) = ଵ
଼

ଵ
ଷ

ଵଷ
ଶସ

P(C) = 0.5

0.1

P(C ∪ D) = 0.6

32%

7%

P(E’) = P(F)

0.1 45% 15%

P(I ∪ J) = P(I) + P(J) P(L) : P(L’) = 2 : 3

P(G ∩ H) = 0

P(G) = 0.3 P(K) = P(K’)

ଵ
ହ
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 ∪
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...
.. 

(ii
)  
A

 ∩
 B

 
  

...
...

...
...
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Q
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GCSE Mathematics (Higher)               Problem Mat  Venn Diagrams – Sets and Probability 

  Warm Up Problems  

 
The following results were obtained from a survey concerning the 
reading habits of students. 

 
60 % read magazine P 
50 % read magazine Q 
50 % read magazine R 
30 % read magazines P and Q 
20 % read magazines Q and R 
30 % read magazines P and R 
10 % read all three magazines 
 

(a) Represent all of this information on a Venn diagram. 
 

(b) What percentage of students read exactly two magazines? 
  

(c) What percentage of students read at least two magazines? 
 

(d) What percentage of students do not read any of the magazines? 

A group of 30 children are surveyed to find out which of the three sports cricket (C), 
basketball (B) or volleyball (V) they play. The results are as follows: 

 
3 children do not play any of these sports 
2 children play all three sports 
6 play volleyball and basketball 
3 play cricket and basketball 
6 play cricket and volleyball 
16 play basketball 
12 play volleyball. 
 

(a)       Draw a Venn diagram to illustrate the relationship between the three sports 
played. 

 
(b) On your Venn diagram indicate the number of children that belong to each region. 

  
(c) How many children play only cricket? 
 

100 students were asked which television channel (MTV, CNN or BBC) they had watched the 
previous evening. The results are shown in the Venn diagram below. 
    E 

 
From the information in the Venn diagram, write down the number of students who watched 
(a) both MTV and BBC; 
(b) MTV or BBC; 
(c) CNN and BBC but not MTV; 
(d) MTV or CNN but not BBC. 

The sports offered at a retirement village are Golf (G), Tennis (T) and Swimming 
(S). The Venn diagram shows the numbers of people involved in each activity. 
     E 

 
(a) How many people 

(i) only play golf? 
(ii) play both tennis and golf? 
(iii) do not play golf? 

(b) Shade the part of the Venn diagram that represents the set G’ Ç S. 

 

U

MTV CNN

BBC

35

6 5 2

3

23 19

7

G T

S

11

1

2

3
4

8
4

6
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GCSE Mathematics (Higher)                 Problem Mat  Venn Diagrams – Sets and Probability 

  Challenge Yourself 

 

Key words and notation matching 

∪ ∩ A’ E 
Complement (Not) Intersection (And) Universal set Union (Or) 

 

In a club with 60 members, everyone attends either on Tuesday for 
Drama (D) or on Thursday for Sports (S) or on both days for Drama 
and Sports. 
 
One week it is found that 48 members attend for Drama and 44 
members attend for Sports and x members attend for both Drama and 
Sports. 
 
(a) (i)        Draw and label fully a Venn diagram to illustrate this 

information. 
 

(ii) Find the number of members who attend for both Drama 
and Sports. 

 
(iii) Describe in words the set represented by (D Ç S)'. 

 
(iv) What is the probability that a member selected at 

random attends for Drama only or Sports only? 
 

The club has 28 female members, 8 of whom attend for both Drama 
and Sports. 
(b) What is the probability that a member of the club selected at 

random 
(i) is female and attends for Drama only or Sports only? 

 
(ii) is male and attends for both Drama and Sports? 

 
 

The sets A, B and C are subsets of U. They are defined as follows: 
 

 E = {positive integers less than 16} 
 A = {prime numbers} 
 B = {factors of 36} 
 C = {multiples of 4} 
 

(a) List the elements (if any) of the following: 
(i) A; 
(ii) B; 
(iii) C; 
(iv) A Ç B Ç C. 

 
 (b) (i) Draw a Venn diagram showing the relationship between the sets U, 

A, B and C. 
(ii) Write the elements of sets U, A, B and C in the appropriate places on 

the Venn diagram. 
 

(c) From the Venn diagram, list the elements of each of the following 
(i) A Ç (B È C); 
(ii) (A Ç B)¢; 
(iii) (A Ç B)¢ Ç C. 

 
(d) Find the probability that a number chosen at random from the universal set 

E will be 
(i) a prime number; 
(ii) a prime number, but not a factor of 36; 
(iii) a factor of 36 or a multiple of 4, but not a prime number; 
(iv) a prime number, given that it is a factor of 36. 
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conditional probability 
and venn diagrams

(1) (2)

(3) (4)

n(E) = 30

n(B) = 20 n(S) = 16

n(E) = 125

n(C) = 61 n(D) = 68

n(E) = 90

n(L) = 40 n(T) = 57

n(E) = 50

n(cli) = 38
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∩
𝐵

)  
  
  

(b
) 

𝑛(
𝐴)

 
(c

) 
𝑛(

𝐵
′ ) 

  
  
  

(d
) 

𝑛(
𝜉)

 

 
W

ri
te

 d
ow

n:
 

(a
) 

𝑛(
𝐵

) 
 

 

(b
) 

𝑛(
𝐴′

) 
(c

) 
𝑛(

𝐴
∪

𝐵
) 

 
(d

) 
𝑛(

𝐴
∩

𝐵′
) 

 

 
W

ri
te

 d
ow

n:
 

(a
) 

𝑛(
𝐴

∩
𝐵

) 
 

(b
) 

𝑛(
𝐴′

) 
(c

) 
𝑛(

𝜉)
    

    
    

    
(d

) 
𝑛(

𝐴′
∩

𝐵′
) 

 

(d
) 

(e
) 

(f
) 

𝑛(
𝐴

∩
𝐵

)
=

5 
 

𝑛(
𝐴)

=
13

 
𝑛(

𝐴
∪

𝐵
)

=
16

  
 𝑛

( 𝜉
)

=
20

 
D

ra
w

 a
 V

en
n 

di
ag

ra
m

 t
o 

re
pr

es
en

t 
th

is
 in

fo
rm

at
io

n.
 

 

𝑛(
𝐴

∩
𝐵

)
=

7 
 

𝑛(
𝐴)

=
13

 
𝑛(

𝐵
)

=
10

  
𝑛(

𝐵′
)

=
10

 
D

ra
w

 a
 V

en
n 

di
ag

ra
m

 t
o 

re
pr

es
en

t 
th

is
 in

fo
rm

at
io

n.
 

 

𝑛(
𝐴

∩
𝐵

)
=

10
   

𝑛(
𝐴

∪
𝐵

)
=

18
 

𝑛(
𝐴)

=
13

 
𝑛(

𝜉)
=

20
 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n.

 
 

(g
) 

(h
) 

(i
) 

𝑛(
𝐴

∪
𝐵

)
=

20
 

𝑛(
𝐴′

)
=

15
 

𝑛(
𝐴

∩
𝐵

)
=

6 
𝑛(

𝐵
)

=
16

 
D

ra
w

 a
 V

en
n 

di
ag

ra
m

 t
o 

re
pr

es
en

t 
th

is
 in

fo
rm

at
io

n.
 

 

𝑛(
𝐵

)
=

7 
𝑛(

𝐴)
=

10
 

𝑛(
𝐴

∪
𝐵

)
=

12
  

𝑛(
𝜉)

=
20

 
D

ra
w

 a
 V

en
n 

di
ag

ra
m

 t
o 

re
pr

es
en

t 
th

is
 in

fo
rm

at
io

n.
 

 

𝑛(
𝐴′

∩
𝐵′

)
=

10
 

  𝑛
( 𝜉

)
=

25
 

𝑛(
𝐵

)
=

11
 

𝑛(
𝐴)

=
8 

D
ra

w
 a

 V
en

n 
di

ag
ra

m
 t

o 
re

pr
es

en
t 

th
is

 in
fo

rm
at

io
n.
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SETS 
INTERSECTION AND UNION

 
Ref: G986.7R1 

 

© 2019 Maths4Everyone.com Worksheets, Videos, Online Assessments and Exam Solutions 
 
 

 

A1  
A = {2, 3, 5, 7, 11} 
B = {3, 5, 7, 9} 
 

List A ∪ B 

A2  
A = {factors of 100} 
B = {multiples of 5} 
 

List A ∩ B 

A3  
A = {c, h, i, n, a} 
B = {i, t, a, l, y} 
 

List A ∪ B 

A4  
A = {s, u, p, e, r} 
B = {c, o, m, p, u, t, e, r} 
 

List A ∩ B 

B1  
A = {1, 3, 6, 10, 15} 
B = {3, 6, 9, 12} 
 

Find n(A ∪ B) 

B2  
S = {s, q, u, a, r, e} 
V = {a, e, i, o, u} 
 

Find n(S ∩ V) 

B3  
ℰ = {1, 2, 3, 4, 5, 6, 7, 8} 
A = {2, 3, 5} 
 

Find n(A') 

B4  
M = {2, 4, 6, 8, 10} 
N = {1, 3, 5, 7, 9} 
 

Find n(M ∩ N) 

C1  
A = {2, 4, 6, 8, 10} 
B = {1, 3, 5, 7, 9} 
 

Explain why A ∩ B = ∅ 

C2  
A = {multiples of 5} 
D = {prime numbers} 
 

Is it true that A ∩ D = ∅ ? 

C3  
ℰ = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} 
A = {even numbers} 
B = {multiples of 3} 
 x ∈B   and    x ∉ A 
What are the possible values of x? 

C4  
ℰ = {1, 2, 3, 4, 5, 6, 7, 8, 9} 
A = {1, 3, 5, 7} 
B = {2, 4, 6, 8} 
 x ∈ℰ   and    x ∉ A ∪ B 
What is the value of x? 

D1  
ℰ = {even numbers} 
A = {2, 4, 6, 8, 10} 
 B is such that A ∩ B = {4, 8} 

and n(B) = 3. 
List a possible set B. 

D2  
ℰ = {1, 2, 3, 4, 5, 6, 7} 
A = {2, 3, 4, 5} 
 C is such that A ∩ C = {4, 5} 

and n(C) = 4. 
List a possible set C. 

D3  
ℰ = {2, 4, 6, 8, 10, 12, 14} 
A = {2, 6, 8, 12} 
 C is such that A ∩ C = ∅  

and n(C) = 3. 
List set C. 

D4  
A = {3, 4, 5} 
A ∪ B = {1, 2, 3, 4, 5} 
 
B has as few members as possible. 
List set B. 
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FPR
Frequency 

Trees

3
square

circle

grey

white

grey

white

10

1) Complete the frequency tree for this group of shapes.

What fraction of the shapes are white squares?

black

white

circle

square

circle

square

2) Complete the frequency tree.

white

grey

square

circle

square

circle

5)

white

grey

square

triangle

square

triangle

3)

triangle

circle

black

white

black

white

4)

Express the ratio     grey circles :  white circles

What fraction of the shapes are black?

What percentage of the white shapes are squares?

What percentage of the grey shapes are triangles?

Express the ratio     white shapes :  grey squares

What percentage of the shapes are black?

Express the ratio     circles :  black triangles

What fraction of the circles are white?

What % of the shapes are grey or circles?
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Frequency 
Trees

3circle

square

grey

white

grey

white

12

1) Complete the frequency tree for this group of shapes.

If a shape is picked randomly from the group,

what is the probability it is a grey square?

white

grey

square

circle

square

circle

18

2) Complete the frequency tree.

What is the probability of picking…

… a white square? … a grey circle?

What is… Probability (picking a black shape)?

Probability (picking a circle)?

circle

square

white

grey

white

grey

5) Complete the frequency tree.

A grey shape is picked from the group.
What is the probability it is a square?

black

white

triangle

circle

triangle

circle

3) Complete the frequency tree.

square

triangle

grey

black

grey

black

4) Complete the frequency tree.

A square is picked from the group.
What is the probability it is grey?
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Frequency 
Trees

circle

square

grey

white

grey

white

1) Complete the frequency tree for this group of shapes.

If we pick a shape at random,
what is…

P(square)?

P(grey circle)?

P(white shape)?

grey

white

triangle

A triangle is picked, 
what is the probability it is grey?

A grey shape is picked, 
what is the probability it is a triangle?

What is the probability a 
circle or a square is picked?

circle

square

2) Complete the frequency tree.

As a percentage, what is…

P(triangle)?

P(white circle)?

P(a grey circle or a black triangle)?

P(a black shape given that it is a square)?

P(a square given that it is black)?

triangle

What is the probability a white shape or a triangle is picked?

grey

black

white

grey

black

white

grey

black

white
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Frequency Trees: FPR

48

120

Saturday

Sunday

adult

child

adult

child

a) A shop recorded the customers it had over 
the weekend.
ଶ
ଷ

of the customers came on Saturday.

30% of Sunday customers were children.

What fraction of the customers were adults?

180

PC

console

adult

child

adult

child

b) A game company complied data on players.
The ratio of PC to console users was 4 : 5
ଷ
ହ

of console users were children.

25% of PC users were adults.

What fraction of the players were children?

9

16

German

French

female

male

female

male

c) Students were surveyed.
ଷ
଼

of the students that studied German were male.

The ratio of male to female French students
was 2 : 5

What percentage of the students studied French?

18

24

male

female

pass

fail

pass

fail

d) For a science test, the ratio of 
passing students to failing students was 5 : 3
ସ
ଽ

of the female students failed.

What fraction of the students were male?

e)
ହ
଻

of deluxe cinema tickets were sold to adults. 

75% of standard tickets were sold to children.
The ratio of adult tickets to child tickets was 4 : 7

12

standard

adult

deluxe

3

18

premium

child

adult

child

adult

child

24oak

healthy

elm 28

beech

unhealthy
healthy

unhealthy
healthy

unhealthy

f) 15% of trees surveyed were unhealthy oaks.
The ratio of healthy elms to healthy oaks was 7 : 10
The ratio beech : elm   was   5 : 7
଻
ଶ଴

of the beech trees were healthy.

What fraction of the tickets were deluxe? Which species was healthiest? 
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9

8
20

35

salad

pasta

water

juice

water

juice

34
22

19

11

male

female

drama

art

drama

art

41

13

120

Maths

pass

Science

1) Complete the frequency trees.

32

12

6

English

fail

pass

fail

pass

fail

Frequency Trees

2) A computer game company 
surveyed 40 players

about a game update.

adult

child

like

dislike

like

dislike

7 adults liked the update.
14 of the 22 children asked
liked the update.

What fraction of the adults
disliked the update?

3) A restaurant recorded if customers 
ordered a soda with their meal. 

36

100

pizza

pasta

soda

no soda

soda

no soda

A third of those that had pizza 
had soda.
34 people ordered pasta with a soda.

What fraction of those surveyed
had pasta but no soda?

4) A clothes shop recorded the 
gender & the money spent by

customers spent in a day.

Twice as many customers spent less
than £20, than spent over £40.

Of the customers that spent £20-£40,
three-quarters were female.

What fraction of customers…      …were male?
…spent over £20?

52
24

106

Less than £20

male

Over £40

18

£20 to £40

female

male

female

male

female

①
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Frequency 
Trees

1) A cake shop sells ‘standard’ (£2) & ‘luxury’ cakes (£3).

15

39

Saturday

Sunday

standard

luxury

standard

luxury

On Sunday, a quarter of the customers ordered a luxury cake.
Over the weekend, a third of the customers ordered a luxury cake.

How much more revenue did the shop make 
from standard cakes compared to 
luxury cakes over the weekend? 

2) Mike recorded the meals 120 students had at lunch.
14 students had a sandwich and no snack.
Two-thirds of the students had a sandwich.
Three-quarters of the students had a snack.
24 students had a snack but no sandwich.

What fraction of students had no sandwich and no snack?
Complete a frequency tree to help.

3) There are 3 types of seating at a concert A: £30    B: £20    C: £15
Tickets bought early get a 20% discount.

Show that the concert made more revenue from 
C tickets than A tickets.

A

early

C

40
B

not

early

not

early

not

4) A robot factory makes gears, circuits & fans. 
After testing, two-thirds of the gears were faulty 
& one-fifth of the circuits were faulty. 
60% of the items tested worked correctly.
56 fans that were tested worked correctly.
30% of the items tested were gears.
The ratio of gears tested to circuits tested was 2:3

gears

faulty

fans

circuits

ok

faulty

ok

faulty

ok

How many items were tested?

②

Three-fifths of the 80 A tickets were bought early.
12 more people bought B tickets early than A tickets early.
133 people bought tickets early.
For C tickets, the ratio of those bought early to on the door was 1 : 5
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11

29

Doesn’t take 
the bus

A frequency tree diagram shows the number of 
students that take the bus to school and don’t.

17

19

Doesn’t take 
the bus

Takes 
the bus

40

Female

76

Students

36

Male

Takes 
the bus

Complete the table.

What fraction of students are male?

What fraction of females take the bus?

What fraction of students are females 
that take the bus?

What fraction of males take the bus?

What fraction of students are males who 
don’t take the bus?

What fraction of students don’t take the 
bus?

What fraction of males don’t take the 
bus?
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7

8

Vegetarian

A frequency tree diagram shows the number of students 
that ordered meals and whether they are vegetarian or not.

1

3

Vegetarian

Meat

15

Ordered 
pizza

19

Students

4

Ordered 
sandwiches

Meat

8
15

What fraction of students ordered 
vegetarian pizza?

1
19

What fraction of those that ordered 
sandwiches are not vegetarian?

15
19

What fraction of students that ordered 
pizza are not vegetarian?

3
4

Complete the table.
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A frequency tree diagram shows the number 
of counters and their colour and shape.

What fraction of blue counters are 
squares?

3
20

What fraction of blue counters are 
triangles?

13
20

What fraction of squares are green?

What fraction of greens are squares?

1
3

8

12

Green

20

Counters

Square

4

Triangle

5

8

Blue

3

Triangle

Square

Complete the table.
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6

A frequency tree diagram shows the number of students 
that like hot chocolate and like tea.

3

Doesn’t like 
hot chocolate

Likes hot 
chocolate

27

Likes 
tea

80

Students

Doesn’t 
like tea

Complete the frequency tree and the table

Doesn’t like 
hot chocolate

Likes hot 
chocolate

3
80
53
80
21
80
3
40
3
53
5
8
2
3
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The information below describes the number of short 
and long tent pegs that are broken or not broken in 

shop stockroom.

Broken

Pegs

Complete the frequency tree

Long

Short

Not 
broken

Short

Long !
"# of the pegs are long and 

broken

$"
"$# of the of the pegs are long 

and not broken

%
&' of the short pegs are broken

$!
"$# of the pegs are broken

There are 96 long pegs
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A company has ordered badges with their logo on. 
There is a choice of two shapes and three colours.

Square

Badges

Use the information below to 
complete the frequency tree

Yellow

Red

Blue

1

Circle Yellow

Blue

Red "
% of the squares are yellow

"
% of the badges are red

"
% of the of the red logos are circles

"
% of the blue logos are circles

"
% of the badges are circles

"
% of the circles are red

"
% of the circles are yellow

"
% of the badges are yellow



Fluency Practice

Page 405

in a small school, all of the 440 students study just one modern foreign language 

the ratio of numbers of students taking French, Spanish and German is  9 : 5 : 8   (respectively)

33⅓% of the students that study French are female
40% of the students that study Spanish are male
55% of the students that study German are female 

Fr

Sp

Ge

440

what percentage of students in 
the whole school are male? 

complete the frequency tree:

F

M

F

M

F

M

[round your answer to the nearest whole number]
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80 of the students in Y9 take part in an activity during their PE lesson 

the same number of students play cricket as play hockey
twice the number of students play tennis than play cricket

45% of the students that chose tennis are male
35% of the students that chose cricket are female
45% of the students that chose hockey are male 

Te

Cr

Ho

80

show that the numbers of girls and boys 
in the school are equal

complete the frequency tree:

F

M

F

M

F

M
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Fr
eq

ue
nc

y 
Tr

ee
s 1

  w
w

w
.m

4t
hs

.c
om

   
 

(1
) T

he
re

 a
re

 1
00

 p
eo

pl
e 

in
 a

n 
of

fic
e.

 4
5 

ar
e 

m
en

 a
nd

 th
e 

re
st

 a
re

 w
om

en
. 2

0 
of

 th
e 

m
en

 li
ke

 sp
or

t a
nd

 th
e 

re
st

 o
f t

he
 m

en
 d

on
’t.

 2
8 

of
 th

e 
w

om
en

 li
ke

 sp
or

t a
nd

 th
e 

re
st

 d
on

’t.
 

Th
e 

fre
qu

en
cy

 tr
ee

 sh
ow

s s
om

e 
of

 th
is 

in
fo

rm
at

io
n 

be
lo

w
. 

 
(a

) C
om

pl
et

e 
th

e 
fre

qu
en

cy
 tr

ee
 a

bo
ve

. 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 th

e 
pe

rs
on

 is
 a

 w
om

an
 w

ho
 d

id
n’

t l
ik

e 
sp

or
t. 

(c
) A

 m
an

 is
 ch

os
en

 a
t r

an
do

m
. W

ha
t i

s t
he

 p
ro

ba
bi

lit
y t

ha
t h

e 
lik

ed
 sp

or
t?

 
   

    
    

    
    

    
   

    
    

    
    

   
    

    
    

    
    

   
    

    
    

   
    

    
    

    
    

    
   

   
(2

) T
he

re
 a

re
 8

0 
pe

op
le

 a
t a

 p
ar

ty
. 2

0 
of

 th
e 

pe
op

le
 a

re
 a

du
lts

 a
nd

 th
e 

re
st

 a
re

 ch
ild

re
n.

 O
f t

he
 ch

ild
re

n 
45

 ta
ke

 a
 p

re
se

nt
 a

nd
 th

e 
re

st
 d

on
’t.

 
Of

 th
e 

ad
ul

ts
, a

ll b
ut

 o
ne

 ta
ke

 a
 p

re
se

nt
. 

(a
) C

om
pl

et
e 

th
e 

fre
qu

en
cy

 tr
ee

 b
el

ow
 

 
(b

) W
ha

t p
ro

po
rti

on
 o

f t
he

 p
eo

pl
e 

at
 th

e 
pa

rty
 a

re
 a

du
lts

 w
ho

 h
av

e 
ta

ke
n 

a 
pr

es
en

t?
 

(c
) O

ne
 p

er
so

n 
is 

ch
os

en
 a

t r
an

do
m

. F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 th
ey

 w
er

e 
an

 a
du

lt 
w

ho
 d

id
n’

t t
ak

e 
a 

pr
es

en
t. 

 (3
) I

n 
a 

bo
x t

he
re

 a
re

 p
in

k t
oy

s a
nd

 b
la

ck
 to

ys
. T

he
re

 a
re

 9
0 

to
ys

 in
 to

ta
l. 

Ha
lf 

of
 th

e 
to

ys
 a

re
 p

in
k a

nd
 h

al
f o

f t
he

 to
ys

 a
re

 b
la

ck
.  

Of
 th

e 
pi

nk
 to

ys
 2

0 
ar

e 
pl

as
tic

 a
nd

 th
e 

re
st

 a
re

 m
et

al
. O

f t
he

 b
la

ck
 to

ys
 1

0 
ar

e 
pl

as
tic

 a
nd

 th
e 

re
st

 a
re

 m
et

al
. 

(a
) L

ab
el

 a
nd

 co
m

pl
et

e 
th

e 
fre

qu
en

cy
 tr

ee
 b

el
ow

. 

 
(b

) H
ow

 m
an

y m
or

e 
m

et
al

 to
ys

 w
er

e 
th

er
e 

th
an

 p
la

st
ic 

to
ys

? 
(c

) O
ne

 to
y i

s c
ho

se
n 

at
 ra

nd
om

. F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 it
’s 

a 
bl

ac
k 

pl
as

tic
 to

y.
 

(d
) W

rit
e 

do
w

n 
th

e 
ra

tio
 o

f p
in

k t
oy

s t
o 

bl
ac

k t
oy

s. 
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(4
) C

om
pl

et
e 

th
e 

fr
eq

ue
nc

y 
tr

ee
 b

el
ow

 

 
 (5

) T
he

re
 a

re
 9

0 
pe

op
le

 a
t a

 p
ar

ty
. 3

6 
ar

e 
ad

ul
ts

 a
nd

 th
e 

re
st

 a
re

 c
hi

ld
re

n.
 O

f t
he

 c
hi

ld
re

n 
10

 ta
ke

 a
 d

rin
k 

an
d 

th
e 

re
st

 d
on

’t.
 O

f t
he

 a
du

lts
 1

6 
ta

ke
 a

 d
rin

k 
an

d 
th

e 
re

st
 d

on
’t.

 
Dr

aw
 a

 fr
eq

ue
nc

y 
tr

ee
 to

 sh
ow

 th
is 

in
fo

rm
at

io
n.

 
 (6

) I
n 

Y1
0 

th
er

e 
ar

e 
25

0 
st

ud
en

ts
. 1

30
 a

re
 b

oy
s 

an
d 

th
e 

re
st

 a
re

 g
irl

s.
 5

0 
bo

ys
 ta

ke
 p

ac
k 

lu
nc

he
s 

an
d 

80
 g

irl
s t

ak
e 

pa
ck

 lu
nc

he
s. 

Th
os

e 
th

at
 

do
n’

t t
ak

e 
pa

ck
 lu

nc
he

s e
at

 in
 th

e 
ca

nt
ee

n.
 D

ra
w

 a
 fr

eq
ue

nc
y 

tr
ee

 to
 re

pr
es

en
t t

he
 in

fo
rm

at
io

n.
 

 (7
) T

he
 fr

eq
ue

nc
y 

tr
ee

 b
el

ow
 sh

ow
s w

ha
t p

ho
ne

 so
m

e 
st

ud
en

ts
 a

t a
 sc

ho
ol

 o
w

ne
d.

 
(a

) C
om

pl
et

e 
th

e 
fr

eq
ue

nc
y 

tr
ee

. 

 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 o

f t
he

 p
er

so
n 

be
in

g 
a 

bo
y 

w
ith

 a
n 

iP
ho

ne
. 

(c
) A

 g
irl

 is
 c

ho
se

n 
at

 ra
nd

om
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 sh

e 
do

es
n’

t o
w

n 
an

 iP
ho

ne
. 

(d
) H

ow
 m

an
y 

m
or

e 
pe

op
le

 o
w

n 
‘O

th
er

’ p
ho

ne
s t

ha
n 

iP
ho

ne
s?

 
 (8

) T
he

re
 a

re
 1

80
 p

eo
pl

e 
at

 a
 p

ar
ty

. 1
/3

 a
re

 m
en

 a
nd

 th
e 

re
st

 a
re

 w
om

en
. O

f t
he

 m
en

 h
al

f t
ak

e 
fo

od
 a

nd
 th

e 
re

st
 d

on
’t.

 O
f t

he
 w

om
en

 2
0%

 
ta

ke
 fo

od
 a

nd
 th

e 
re

st
 d

on
’t.

 
(a

) S
ho

w
 th

is 
in

fo
rm

at
io

n 
in

 a
 fr

eq
ue

nc
y 

tr
ee

. 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 th

e 
pe

rs
on

 is
 a

 m
an

 w
ho

 d
oe

sn
’t 

ta
ke

 fo
od

. 
(c

) A
 w

om
an

 is
 ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 sh

e 
ta

ke
s f

oo
d.

 
 (9

) (
a)

 F
in

d 
th

e 
va

lu
e 

of
 p

 in
 th

e 
fr

eq
ue

nc
y 

tr
ee

 b
el

ow
. 

 
(b

) C
om

pl
et

e 
th

e 
fr

eq
ue

nc
y 

tr
ee

. 
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Fr
eq

ue
nc

y 
Tr

ee
s 2

  w
w

w
.m

4t
hs

.c
om

   
 

(1
) T

he
re

 a
re

 a
 n

um
be

r o
f p

eo
pl

e 
in

 a
n 

of
fic

e.
 1

0 
of

 th
e 

m
en

 li
ke

 sp
or

t a
nd

 th
e 

re
st

 d
on

’t.
 8

 o
f t

he
 w

om
en

 li
ke

 sp
or

t a
nd

 th
e 

re
st

 d
on

’t.
 

Th
e 

fre
qu

en
cy

 tr
ee

 sh
ow

s s
om

e 
of

 th
is 

in
fo

rm
at

io
n 

be
lo

w
. 

 
(a

) C
om

pl
et

e 
th

e 
fre

qu
en

cy
 tr

ee
 a

bo
ve

. 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 th

e 
pe

rs
on

 is
 a

 w
om

an
 w

ho
 d

id
n’

t l
ik

e 
sp

or
t. 

(c
) A

 m
an

 is
 ch

os
en

 a
t r

an
do

m
. W

ha
t i

s t
he

 p
ro

ba
bi

lit
y t

ha
t h

e 
lik

ed
 sp

or
t?

 
   

    
    

    
    

    
   

    
    

    
    

   
    

    
    

    
    

   
    

    
    

   
    

    
    

    
    

    
   

   
(2

) T
he

re
 a

re
 9

2 
pe

op
le

 a
t a

 p
ar

ty
. 3

3 
of

 th
e 

pe
op

le
 a

re
 a

du
lts

 a
nd

 th
e 

re
st

 a
re

 ch
ild

re
n.

 O
f t

he
 ch

ild
re

n 
12

 ta
ke

 a
 p

re
se

nt
 a

nd
 th

e 
re

st
 d

on
’t.

 
Of

 th
e 

ad
ul

ts
, 9

 d
on

’t 
ta

ke
 a

 p
re

se
nt

. 
(a

) C
om

pl
et

e 
th

e 
fre

qu
en

cy
 tr

ee
 b

el
ow

 

 
(b

) W
ha

t f
ra

ct
io

n 
of

 th
e 

pe
op

le
 a

t t
he

 p
ar

ty
 a

re
 a

du
lts

 w
ho

 h
av

e 
ta

ke
n 

a 
pr

es
en

t?
 

(c
) O

ne
 p

er
so

n 
is 

ch
os

en
 a

t r
an

do
m

. F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 th
ey

 w
er

e 
a 

ch
ild

 w
ho

 d
id

n’
t t

ak
e 

a 
pr

es
en

t. 
 (3

) I
n 

a 
bo

x t
he

re
 a

re
 b

lu
e 

to
ys

 a
nd

 re
d 

to
ys

. T
he

re
 a

re
 1

12
 to

ys
 in

 to
ta

l. 
Al

l b
ut

 3
0 

of
 o

f t
he

 to
ys

 a
re

 re
d.

  
Of

 th
e 

re
d 

to
ys

 2
0 

ar
e 

pl
as

tic
 a

nd
 th

e 
re

st
 a

re
 m

et
al

. O
f t

he
 b

lu
e 

to
ys

 h
al

f a
re

 p
la

st
ic 

an
d 

th
e 

re
st

 a
re

 m
et

al
. 

(a
) L

ab
el

 a
nd

 co
m

pl
et

e 
th

e 
fre

qu
en

cy
 tr

ee
 b

el
ow

. 

 
(b

) H
ow

 m
an

y m
or

e 
m

et
al

 to
ys

 w
er

e 
th

er
e 

th
an

 p
la

st
ic 

to
ys

? 
(c

) O
ne

 to
y i

s c
ho

se
n 

at
 ra

nd
om

. F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 it
’s 

a 
re

d 
pl

as
tic

 to
y.

 
(d

) W
rit

e 
do

w
n 

th
e 

ra
tio

 o
f m

et
al

 to
ys

 to
 p

la
st

ic 
to

ys
. 

   



Purposeful Practice

Page 410

(4
) C

om
pl

et
e 

th
e 

fr
eq

ue
nc

y 
tr

ee
 b

el
ow

 

 
 (5

) T
he

re
 a

re
 8

0 
pe

op
le

 a
t a

 p
ar

ty
. 5

4 
ar

e 
ad

ul
ts

 a
nd

 th
e 

re
st

 a
re

 c
hi

ld
re

n.
 O

f t
he

 c
hi

ld
re

n 
8 

ta
ke

 a
 d

rin
k 

an
d 

th
e 

re
st

 d
on

’t.
 O

f t
he

 a
du

lts
 1

6 
ta

ke
 a

 d
rin

k 
an

d 
th

e 
re

st
 d

on
’t.

 
Dr

aw
 a

 fr
eq

ue
nc

y 
tr

ee
 to

 sh
ow

 th
is 

in
fo

rm
at

io
n.

 
 (6

) I
n 

Y1
0 

th
er

e 
ar

e 
18

0 
st

ud
en

ts
. 1

30
 a

re
 b

oy
s 

an
d 

th
e 

re
st

 a
re

 g
irl

s.
 4

0 
bo

ys
 ta

ke
 p

ac
k 

lu
nc

he
s 

an
d 

20
 g

irl
s t

ak
e 

pa
ck

 lu
nc

he
s. 

Th
os

e 
th

at
 

do
n’

t t
ak

e 
pa

ck
 lu

nc
he

s e
at

 in
 th

e 
ca

nt
ee

n.
 D

ra
w

 a
 fr

eq
ue

nc
y 

tr
ee

 to
 re

pr
es

en
t t

he
 in

fo
rm

at
io

n.
 

 (7
) T

he
 fr

eq
ue

nc
y 

tr
ee

 b
el

ow
 sh

ow
s w

ha
t p

ho
ne

 so
m

e 
st

ud
en

ts
 a

t a
 sc

ho
ol

 o
w

ne
d.

 
(a

) C
om

pl
et

e 
th

e 
fr

eq
ue

nc
y 

tr
ee

. 

 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 o

f t
he

 p
er

so
n 

be
in

g 
a 

bo
y 

w
ith

 a
n 

iP
ho

ne
. 

(c
) A

 g
irl

 is
 c

ho
se

n 
at

 ra
nd

om
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 sh

e 
do

es
n’

t o
w

n 
an

 iP
ho

ne
. 

(d
) H

ow
 m

an
y 

m
or

e 
pe

op
le

 o
w

n 
‘O

th
er

’ p
ho

ne
s t

ha
n 

iP
ho

ne
s?

 
 (8

) T
he

re
 a

re
 1

20
 p

eo
pl

e 
at

 a
 p

ar
ty

. 1
/4

 a
re

 m
en

 a
nd

 th
e 

re
st

 a
re

 w
om

en
. O

f t
he

 m
en

 h
al

f t
ak

e 
fo

od
 a

nd
 th

e 
re

st
 d

on
’t.

 O
f t

he
 w

om
en

 2
0%

 
ta

ke
 fo

od
 a

nd
 th

e 
re

st
 d

on
’t.

 
(a

) S
ho

w
 th

is 
in

fo
rm

at
io

n 
in

 a
 fr

eq
ue

nc
y 

tr
ee

. 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 th

e 
pe

rs
on

 is
 a

 m
an

 w
ho

 d
oe

sn
’t 

ta
ke

 fo
od

. 
(c

) A
 w

om
an

 is
 ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 sh

e 
ta

ke
s f

oo
d.

 
 (9

) (
a)

 F
in

d 
th

e 
va

lu
e 

of
 p

 in
 th

e 
fr

eq
ue

nc
y 

tr
ee

 b
el

ow
. 

 
(b

) C
om

pl
et

e 
th

e 
fr

eq
ue

nc
y 

tr
ee

. 
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Fr
eq

ue
nc

y 
Tr

ee
s 3

  w
w

w
.m

4t
hs

.c
om

   
 

(1
) T

he
re

 a
re

 1
00

 p
eo

pl
e 

in
 a

n 
of

fic
e.

 4
5 

ar
e 

m
en

 a
nd

 th
e 

re
st

 a
re

 w
om

en
. 2

0 
of

 th
e 

m
en

 li
ke

 sp
or

t a
nd

 th
e 

re
st

 o
f t

he
 m

en
 d

on
’t.

 2
8 

of
 th

e 
w

om
en

 li
ke

 sp
or

t a
nd

 th
e 

re
st

 d
on

’t.
 

Th
e 

fre
qu

en
cy

 tr
ee

 sh
ow

s s
om

e 
of

 th
is 

in
fo

rm
at

io
n 

be
lo

w
. 

 
(a

) C
om

pl
et

e 
th

e 
fre

qu
en

cy
 tr

ee
 a

bo
ve

. 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 th

e 
pe

rs
on

 is
 a

 w
om

an
 w

ho
 d

id
n’

t l
ik

e 
sp

or
t. 

(c
) A

 m
an

 is
 ch

os
en

 a
t r

an
do

m
. W

ha
t i

s t
he

 p
ro

ba
bi

lit
y t

ha
t h

e 
lik

ed
 sp

or
t?

 
   

    
    

    
    

    
   

    
    

    
    

   
    

    
    

    
    

   
    

    
    

   
    

    
    

    
    

    
   

   
(2

) T
he

re
 a

re
 8

0 
pe

op
le

 a
t a

 p
ar

ty
. ¼

 o
f t

he
 p

eo
pl

e 
ar

e 
ad

ul
ts

 a
nd

 th
e 

re
st

 a
re

 ch
ild

re
n.

 O
f t

he
 ch

ild
re

n 
30

 ta
ke

 a
 p

re
se

nt
 a

nd
 th

e 
re

st
 d

on
’t.

 
Of

 th
e 

ad
ul

ts
, a

ll b
ut

 o
ne

 ta
ke

 a
 p

re
se

nt
. 

(a
) C

om
pl

et
e 

th
e 

fre
qu

en
cy

 tr
ee

 b
el

ow
 

 
(b

) W
ha

t p
ro

po
rti

on
 o

f t
he

 p
eo

pl
e 

at
 th

e 
pa

rty
 a

re
 a

du
lts

 w
ho

 h
av

e 
ta

ke
n 

a 
pr

es
en

t?
 

(c
) W

ha
t p

er
ce

nt
ag

e 
of

 th
e 

ch
ild

re
n 

to
ok

 a
 p

re
se

nt
? 

(d
) O

ne
 p

er
so

n 
is 

ch
os

en
 a

t r
an

do
m

. F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 th
ey

 w
er

e 
an

 a
du

lt 
w

ho
 d

id
n’

t t
ak

e 
a 

pr
es

en
t. 

(e
) F

ill 
in

 th
e 

bl
an

k:
 P

( _
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_ 
) =

 1
9/

80
 

 (3
) I

n 
a 

sp
or

ts
 cl

ub
 th

er
e 

ar
e 

50
 p

eo
pl

e.
 T

he
 ra

tio
 o

f m
al

es
 to

 fe
m

ale
s i

s 2
:3

. O
f t

he
 m

al
es

 th
e 

ra
tio

 o
f t

ho
se

 sw
im

m
in

g 
to

 n
ot

 sw
im

m
in

g 
is 

7:
3.

 
Of

 th
e 

fe
m

al
es

 6
0%

 sw
im

 a
nd

 th
e 

re
st

 d
on

’t 
(a

) U
se

 th
e 

di
ag

ra
m

 b
el

ow
 to

 sh
ow

 th
e 

in
fo

rm
at

io
n 

us
in

g 
a 

fre
qu

en
cy

 tr
ee

 

 
(b

) W
ha

t p
er

ce
nt

ag
e 

of
 th

e 
pe

op
le

 in
 th

e 
clu

b 
w

er
e 

m
al

es
 w

ho
 sw

am
? 

(c
) W

ha
t i

s t
he

 ra
tio

 o
f t

he
 w

om
en

 th
at

 sw
im

 to
 th

e 
m

en
 th

at
 sw

im
? 

(d
) O

ne
 p

er
so

n 
is 

ch
os

en
 a

t r
an

do
m

. F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 th
e 

pe
rs

on
 is

 a
 fe

m
al

e 
w

ho
 d

oe
sn

’t 
sw

im
. 

(e
) W

ha
t p

er
ce

nt
ag

e 
of

 th
e 

m
en

 d
id

n’
t s

w
im

? 
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(4
) T

he
re

 a
re

 m
en

 a
nd

 w
om

en
 in

 a
n 

of
fic

e.
  

Th
e 

ra
tio

 o
f w

om
en

 to
 m

en
 is

 4
:1

.  
O

f t
he

 w
om

en
 2

5%
 b

rin
g 

th
ei

r o
w

n 
lu

nc
h.

 T
he

 re
st

 e
at

 in
 th

e 
ca

nt
ee

n.
 

O
f t

he
 m

en
, 6

 b
rin

g 
th

ei
r o

w
n 

lu
nc

h 
an

d 
2 

ea
t i

n 
th

e 
ca

nt
ee

n.
 

(a
) S

ho
w

 th
is 

in
fo

rm
at

io
n 

us
in

g 
th

e 
fr

eq
ue

nc
y 

tr
ee

 b
el

ow
. 

 
(b

) O
ne

 p
er

so
n 

is 
ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 th

e 
pe

rs
on

 is
 a

 m
an

 w
ho

 e
at

s i
n 

th
e 

ca
nt

ee
n.

 
(c

) A
 w

om
an

 is
 ch

os
en

 a
t r

an
do

m
. F

in
d 

th
e 

pr
ob

ab
ili

ty
 th

at
 sh

e 
br

in
gs

 h
e 

ow
n 

lu
nc

h.
 

(d
) W

ha
t p

ro
po

rt
io

n 
of

 th
e 

pe
op

le
 in

 th
e 

of
fic

e 
br

in
gs

 th
ei

r o
w

n 
lu

nc
h?

 
 (5

) T
he

re
 a

re
 1

30
 p

eo
pl

e 
at

 a
 p

ar
ty

. 2
0%

 a
re

 a
du

lts
 a

nd
 th

e 
re

st
 a

re
 c

hi
ld

re
n.

 H
al

f o
f t

he
 a

du
lts

 ta
ke

 fo
od

 a
nd

 2
/1

3 
of

 th
e 

ch
ild

re
n 

ta
ke

 fo
od

. 
(a

) E
xp

la
in

 w
hy

 1
5%

 o
f t

he
 p

eo
pl

e 
ca

n’
t b

e 
ad

ul
ts

. 
(b

) D
ra

w
 a

 fr
eq

ue
nc

y 
tr

ee
 in

 th
e 

sp
ac

e 
be

lo
w

 to
 sh

ow
 th

e 
in

fo
rm

at
io

n 
gi

ve
n.

 
          (c

) W
rit

e 
th

e 
ra

tio
 o

f t
he

 n
um

be
r o

f a
du

lts
 b

rin
gi

ng
 fo

od
 to

 th
e 

nu
m

be
r o

f c
hi

ld
re

n 
br

in
gi

ng
 fo

od
. 

(d
) W

ha
t p

er
ce

nt
ag

e 
of

 p
ar

ty
 g

oe
rs

 w
er

e 
ad

ul
ts

 w
ho

 to
ok

 fo
od

? 
 (6

) I
n 

a 
to

y 
bo

x 
th

er
e 

ar
e 

pi
nk

 to
ys

 a
nd

 b
la

ck
 to

ys
. T

he
 to

ys
 a

re
 e

ith
er

 e
le

ct
ro

ni
c o

r t
he

y 
ar

e 
m

an
ua

l. 
Th

e 
fr

eq
ue

nc
y 

tr
ee

 sh
ow

s s
om

e 
in

fo
rm

at
io

n 
ab

ou
t t

he
 to

ys
 b

el
ow

. 

 
Th

er
e 

ar
e 

40
 b

la
ck

 to
ys

 in
 th

e 
bo

x.
 

O
f t

he
 b

la
ck

 to
ys

 6
 a

re
 m

an
ua

l. 
 

(a
) C

om
pl

et
e 

th
e 

fr
eq

ue
nc

y 
tr

ee
 a

bo
ve

. 
(b

) O
ne

 b
la

ck
 e

le
ct

ro
ni

c 
to

y 
is 

ta
ke

n 
fro

m
 th

e 
bo

x.
 W

ha
t p

ro
po

rt
io

n 
of

 th
e 

to
ys

 le
ft 

in
 th

e 
bo

x 
ar

e 
pi
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Two-Way Tables & Frequency Trees:
Gap Fill

A computer game company collects
data about players:

their age & what platform they prefer to use.

What fraction of the players played on console?

Adult Child Total
PC 17 21

Console 11
Total 50

35
18

adult

child

PC

console

PC

console

29

4
PC

console

adult

child

adult

child

What fraction of the children played on console?

A driving school records the age of students
& their success when taking a driving test.

What fraction of the students were
25 or over and failed?

Pass Fail Total
Under 25

25+ 27
Total 40

28
under 25

25+

pass

fail

pass

fail

32
4

pass

fail

under 25

25+

under 25

25+

72

What fraction of those that failed were under 25?

Leesham United look at their
results since new owners took over.

What percentage of their
away games did they win?

Home Away Total
Win

Draw 6
Lose
Total

home

away

win

draw

What fraction of the draws were away games?

4

10

5

win

home

home

home 5

6

① ② ③

away

away

away

draw

lose

win

draw

lose

lose
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A has 5 elements B has the same number 
of elements as B’

B has 4 elements B has twice as many 
elements as A ∩ B

A ∩ B has 9 elements There are 4 elements in 
A’

A ∪ B has 9 elements ¼ of the elements are 
outside both circles

ܲሺܣሻ

ܲሺܤሻ

ܲሺܣ’ሻ

ܲሺܤ’ሻ

ܲሺܣ	 ∩ ሻܤ	

ܲሺܣ ∪ ሻܤ

②Shade the TRUE statements.

5
12

0.5

7
12

1 – ܲሺܤሻ

1
6 75%

③One of the numbers is chosen at random. 
Choose the correct probabilities.

Elements E

1   2   3   4   5   6
7  8  9  10  11  12 

E
A: Prime
Numbers

B: Factors 
of 12

①Place each element in the correct section 
of the Venn diagram.

Venn Diagrams 2

www.MathsPad.co.uk
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E
A B

1.E = {1,2,3,4,5,6,7,8,9,10}
A = {2,3,5,6}
B = {1,3,5,7,9}
(a) Complete the Venn diagram.

www.MathsPad.co.uk

(b) An element is 
picked at random. 
Shade the TRUE 
statements.

E
A B

2.E = {8,9,10,11,12,13,14,15,16}
A = {even numbers}
B = {square numbers}
(a) Complete the Venn diagram.

(b) An element is 
picked at random. 
Work out:

P(A’) = 

P(B’) =

P(A ∩ B) =

P(A ∪ B) =

E
A B

3.E = {5,6,7,8,9,10,11}
A’ = {5,6,10}
B = {6,8,10,11}
A ∩ B = {8,11}
(a) Complete the Venn diagram.

(b) An element is 
picked at random. 
Shade the TRUE 
statements.

E

brother sister

4. In a class of 32 pupils,
23 pupils have a brother,
14 pupils have a brother and a sister,
6 pupils have no brothers or sisters.

P(B) = ଵ
ଶ

P(A ∩ B) = 2

P(A ∪ B) = 0.7

P(A’) = ଻
ଵ଴

P(A) < P(B) 

P(A ∩ B) = P(B)

P(B) ൒	P(B’)

P(A ∪	B) = P(A ∩ B)

Write the number 
of pupils who 
belong in each 
section of the 
Venn diagram.

Venn Diagrams 3
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E

A: Male B: Right-
handed

The Venn diagram, Frequency Tree 
and Two-Way Table all show the 
same information. Complete them all.

www.MathsPad.co.uk

Male Female Total

Right-handed

Left-handed

Total

Male

Female

Right‐handed

Right‐handed

Left‐handed

Left‐handed

Venn diagram – the number of elements 
belonging to each section is labelled.

Frequency Tree

Two-Way Table

13

15

101

212

__ __

Venn Diagrams 4
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Add or multiply probabilities?
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Independent?
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It will rain. For Tim, what will happen tomorrow?

Which of these events are independent of each other?

How might one event affect the probability of a different event?

Independent Events?

It will be cloudy.

Are any of the events mutually exclusive? (they cannot both happen)

Tim’s son will pass his
maths test.

Stockley United will win their 
football match.

Tim will feel unwell.

Tim’s will choose 
coffee at the café.

Tim will have pasta for lunch.

Tim will get a pay raise.

Tim’s alarm clock will not work.

Tim will be late to work.

Tim will bump into Sarah.

Tim’s car will break down.

Tim will go to bed early.

Tim will miss his
evening running club.

Tim will have dinner at
a nice restaurant.

It will be sunny.

Tim will be early for work.

Tim will start looking for
a new job.
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• Does it matter which box Leyland chooses from first?

• Will the order affect the probabilities of the combined outcomes?
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ar

e 
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5.
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m

 c
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ch
es

 a
 fo

ot
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ll 
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 p
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an

ce
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e 
w
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 th
e 
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ha
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 p
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m
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 d
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m

at
ch

es
.

(b
) W

or
k 

ou
t t

he
 p

ro
ba

bi
lit

y 
th

at
 th
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 b
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l c
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 o
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Probability 
Trees

1st pick

white

1) 2nd pick

2
6

grey

white

Outcome
Probabilities

grey

A cube is picked at random from the box.
It is replaced, then another cube is picked.
Complete the probability tree & the probability of each outcome.

white

grey

1st pick

white

2) 2nd pick

grey

white

Outcome
Probabilities

grey

white

grey

A cube is randomly picked from the box & replaced.
What is the probability 2 grey cubes are picked? 
What is the probability 2 white cubes are picked?

1st pick

white

3) 2nd pick

grey

white

Outcome
Probabilities

grey

A cube is picked at random from the box.
It is not replaced before another cube is picked.
Complete the probability tree & the probability of each outcome.

white

grey

4) 

A cube is picked from the box, and not replaced before another is picked.
What is the probability 2 white cubes are picked? 
What is the probability only 1 grey cube is picked?
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1st pick

black

1) 2nd pick

5
9

white

black

white

black

white

A sphere is randomly picked from the box & replaced.
What is P(two black spheres)? 
What is the probability 2 spheres of different colours are picked?

black

2) 

white

black

white

black

white

A sphere is randomly picked from the box & replaced.
What is P(two spheres of the same colour)? 
What is P(at least one black sphere)? 

1st pick

black

3) 2nd pick

white

black

white

black

white

Two spheres are picked from the box (without the first being replaced).
What is P(2 white spheres)? 
What is the probability at least one of the spheres is white?

4) 

If two disks are picked from this box, what is P(different coloured disks)? 

If three disks are picked from the box, what is P(3 white disks)? 

× 6

× 5

Probability 
Trees
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Probability Trees

1st pick

2nd pick
Outcome

Probabilities

1)  A cube is picked at random 
from the box, then replaced.

Calculate:

P(two white cubes)

P(not two grey cubes)

P(two cubes of the same colour)

P(a white & a grey cube)

P(at least one white cube)

1st pick

2nd pick
Outcome

Probabilities

2)  Two cubes are picked randomly and simultaneously from the box.

Calculate:

P(two black cubes)

P(not two white cubes)

P(two cubes of different colours)

P(a grey cube & a black cube)

P(at least one black cube)

white

grey

black
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2)  Three cubes are picked at random from the box.

Calculate:

P(WWW)

P(2 or more white cubes)

P(2 of the cubes are grey)

If 4 cubes are picked, what is P(WWWW)?

W

G

W

G

W

G

(9×8×7 = 504)

1)  A cube is picked at random from the box, replaced, 
then another is picked & replaced, then another is picked.

Calculate:

P(GGG)

P(WGW in order)

P(3 cubes of the same colour)

P(exactly 2 white cubes)

W

G

(7×7×7 = 343)
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Probability 
Trees

1st pick

white

1) 2nd pick

grey

white

Outcome
Probabilities

grey

A cube is picked at random from the box.
It is replaced, then another cube is picked.
Complete the probability tree & the probability of each outcome.

white

grey

1st pick

white

2) 2nd pick

grey

Outcome
Probabilities

A cube is randomly picked from the box & replaced.
What is the probability 2 grey cubes are picked? 
What is the probability 2 white cubes are picked?

1st pick

black

3) 2nd pick

white

A sphere is randomly picked from the box & replaced.
What is P(two black spheres)? 
What is the probability 2 spheres of different colours are picked?

4) 

A sphere is randomly picked from the box & replaced.
What is P(two spheres of the same colour)? 
What is P(at least one black sphere)? 
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Probability Trees

1st pick

2nd pick
Outcome

Probabilities

1)  A cube is picked at random 
from the box, then replaced.

Calculate:

P(two white cubes)

P(not two grey cubes)

P(two cubes of the same colour)

P(a white & a grey cube)

P(at least one white cube)

white

grey

black

Calculate:

P(GGG)

P(WGW in order)

P(3 cubes of the same colour)

P(exactly 2 grey cubes)

W

G

(8×8×8 = 512)

2)  A cube is picked at random from the box, replaced, 
then another is picked, replaced, then another is picked.
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Tree Diagrams: One Branch10 cards are numbered 1 to 10.
A card is picked randomly & replaced, 

before another card is picked.

Complete the probabilities on 
each branch of this tree diagram.

What is the probability 
both cards have a value above 7?

⩽ 7

> 7
> 7

> 7

⩽ 7

⩽ 7

Did we need to draw the entire tree diagram?

To find specific probabilities, 
we can draw only one branch of a tree diagram.

10 cards are numbered 1 to 10.
A card is picked randomly & replaced, 

before another card is picked.

What is the probability both cards have a value above 5?

> 5 > 5

What is the probability both cards have a value over 8?

> 8 > 8

12 cards are numbered 1 to 12.
A card is picked randomly & replaced, 

before another card is picked.

Complete single branches to calculate these probabilities:

P(both cards are odd)

Odd Odd

P(both cards have a value over 8)

> 8 > 8

P(both cards are not greater than 5)

Use these two branches to calculate:
P(2 cubes of the same colour are picked)

B B

A bag contains 3 black & 7 red cubes. 
Cubes are picked and then replaced.

R R

This tree diagram shows 3 picks from the same bag.

Use two branches to calculate:
P(2 cubes of different colours are picked)

B

R

B

R

B

R
R
B
R
B
R
B
R
B

Calculate:
P(3 cubes of the same colour)

On the diagram highlight every branch where
only 1 of the 3 cubes picked is red.

Find: P(only 1 of the 3 cubes is red) 

If 4 picks are made, calculate…

P(only 1 of the cubes is red) 

P(exactly 2 of the cubes are red) 
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Tr
ee

 D
ia

g
ra

m
s 

fo
r 

In
d

ep
en

d
en

t 
Ev

en
ts

 
 R
ay

 h
as

 c
er

ea
l o

r 
to

as
t 

fo
r 

hi
s 

br
ea

kf
as

t.
 

Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

he
 h

as
 c

er
ea

l i
s 

0.
6.

 
R
ay

 h
as

 b
re

ak
fa

st
 o

n 
S
at

ur
da

y 
an

d 
S
un

da
y.

 C
om

pl
et

e 
th

e 
tr

ee
 d

ia
gr

am
. 

        Fi
nd

 t
he

 p
ro

ba
bi

lit
y 

th
at

 R
ay

 h
as

 t
oa

st
 f
or

 
br

ea
kf

as
t 

on
 b

ot
h 

da
ys

. 
  Z
oy

a 
th

ro
w

s 
a 

bi
as

ed
 c

oi
n 

tw
ic

e.
 T

he
 

pr
ob

ab
ili

ty
 t

ha
t 

it 
la

nd
s 

on
 h

ea
ds

 is
 0

.5
5.

 
R
ep

re
se

nt
 t

hi
s 

w
ith

 a
 t

re
e 

di
ag

ra
m

. 
Fi

nd
 

th
e 

pr
ob

ab
ili

ty
 t

ha
t:

 
(a

) 
Z
oy

a 
ge

ts
 t

w
o 

he
ad

s 
(b

) 
Z
oy

a 
ge

ts
 o

ne
 o

f 
ea

ch
 -

 h
ea

d 
an

d 
ta

il 
 Jo

y 
an

d 
Pe

te
r 

bo
th

 s
it 

a 
Fr

en
ch

 t
es

t.
 T

he
 

pr
ob

ab
ili

ty
 o

f 
pa

ss
in

g 
th

e 
te

st
 is

 2 5.
 

R
ep

re
se

nt
 t

hi
s 

w
ith

 a
 t

re
e 

di
ag

ra
m

. 
Fi

nd
 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

(a
) 

on
ly

 o
ne

 o
f 
th

em
 p

as
se

s 
th

e 
te

st
 

(b
) 

th
ey

 b
ot

h 
fa

il 
th

e 
te

st
 

 Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

A
nn

a 
ge

ts
 u

p 
la

te
 o

n 
a 

M
on

da
y 

is
 1 3.

 T
he

 p
ro

ba
bi

lit
y 

th
at

 s
he

 g
et

s 

up
 la

te
 o

n 
a 

Tu
es

da
y 

is
 1 4.

 R
ep

re
se

nt
 t

hi
s 

w
ith

 a
 t

re
e 

di
ag

ra
m

. 
Fi

nd
 t

he
 p

ro
ba

bi
lit

y 
th

at
 A

nn
a 

ge
ts

 u
p 

la
te

 o
n 

at
 le

as
t 

on
e 

of
 

th
e 

da
ys

. 
 Ja

m
al

 p
la

ys
 t

hr
ee

 g
am

es
 o

f 
M

on
op

ol
y 

ag
ai

ns
t 

Ir
is

. 
Th

e 
pr

ob
ab

ili
ty

 t
ha

t 
Ja

m
al

 
w

in
s 

M
on

op
ol

y 
is

 0
.4

. 
Fi

nd
 t

he
 p

ro
ba

bi
lit

y 
th

at
 J

am
al

 w
in

s 
at

 le
as

t 
tw

o 
of

 t
he

 t
hr

ee
 

ga
m

es
. 

Tr
ee

 D
ia

g
ra

m
s 

fo
r 

In
d

ep
en

d
en

t 
Ev

en
ts

 
 R
ay

 h
as

 c
er

ea
l o

r 
to

as
t 

fo
r 

hi
s 

br
ea

kf
as

t.
 

Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

he
 h

as
 c

er
ea

l i
s 

0.
6.

 
R
ay

 h
as

 b
re

ak
fa

st
 o

n 
S
at

ur
da

y 
an

d 
S
un

da
y.

 C
om

pl
et

e 
th

e 
tr

ee
 d

ia
gr

am
. 

        Fi
nd

 t
he

 p
ro

ba
bi

lit
y 

th
at

 R
ay

 h
as

 t
oa

st
 f
or

 
br

ea
kf

as
t 

on
 b

ot
h 

da
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. 
  Z
oy

a 
th

ro
w

s 
a 
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ed
 c
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n 

tw
ic

e.
 T

he
 

pr
ob

ab
ili

ty
 t

ha
t 

it 
la

nd
s 
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ea
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 is
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.5
5.

 
R
ep

re
se

nt
 t

hi
s 

w
ith

 a
 t

re
e 

di
ag

ra
m

. 
Fi

nd
 

th
e 

pr
ob

ab
ili

ty
 t

ha
t:

 
(a

) 
Z
oy

a 
ge

ts
 t

w
o 

he
ad

s 
(b

) 
Z
oy

a 
ge

ts
 o

ne
 o

f 
ea

ch
 -

 h
ea

d 
an

d 
ta

il 
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y 
an
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Pe
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th

 s
it 
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Fr

en
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 t
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t.
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f 
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g 
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R
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hi
s 

w
ith

 a
 t

re
e 

di
ag

ra
m

. 
Fi

nd
 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

(a
) 

on
ly

 o
ne

 o
f 
th

em
 p

as
se

s 
th

e 
te

st
 

(b
) 

th
ey

 b
ot

h 
fa

il 
th

e 
te

st
 

 Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

A
nn

a 
ge

ts
 u

p 
la

te
 o

n 
a 

M
on

da
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is
 1 3.

 T
he

 p
ro
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bi
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y 
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at

 s
he

 g
et

s 

up
 la

te
 o

n 
a 

Tu
es

da
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is
 1 4.

 R
ep
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se

nt
 t

hi
s 

w
ith
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re
e 

di
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. 
Fi
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 p
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 Ja
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 p
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M
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. 
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Ja
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M
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Fi
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 p
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al

 w
in

s 
at

 le
as

t 
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Fa
lse

 P
os

iti
ve

 
 A

lm
os

t a
ll 

m
ed

ic
al

 te
st

s h
av

e 
a 

sm
al

l c
ha

nc
e 

of
 a 

‘fa
lse

 p
os

iti
ve

’ o
r a

 ‘f
al

se
 n

eg
at

iv
e’

.  
 

 F
al

se
 p

os
iti

ve
: T

he
 te

st
 sa

ys
 yo

u 
do

 h
av

e t
he

 
co

nd
iti

on
 w

he
n 

yo
u 

re
al

ly
 d

on
’t

.   
(y

ou
’re

 fi
ne

, b
ut

 th
e 

te
st

 th
in

ks
 y

ou
’re

 si
ck

) 
 F

al
se

 n
eg

at
iv

e:
 Th

e t
es

t s
ay

s y
ou

 d
on

’t
 h

av
e 

th
e 

co
nd

iti
on

 w
he

n 
yo

u 
re

al
ly

 d
o.

   
(y

ou
’re

 si
ck

, b
ut

 th
e 

te
st

 th
in

ks
 yo

u’
re

 fi
ne

) 
 

 
Th

e 
te

st
 fo

r a
 p

ar
tic
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 d
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e h
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 a 

fa
lse
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os

iti
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 ra
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f 5

%
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is 

m
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f p
eo
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e w
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 d
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 h
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e 
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e 
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e 

w
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be
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 d
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 
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e 

te
st
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 a 
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lse
 n

eg
at

iv
e 

ra
te
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f 1

%
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is 

m
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 1

%
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f p
eo

pl
e w
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 d
o 
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e 

di
se
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e 

w
ill 

be
 to

ld
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at
 th

ey
 d
on

’t
.   

 As
su

m
in

g t
hi

s p
ar

tic
ul

ar
 d

ise
as

e a
ffe

ct
s 1

0%
 o

f p
eo

pl
e,

 c
om

pl
et

e 
th

e 
tr

ee
 d

ia
gr

am
 b

el
ow

: 
  

 
 Us

e 
th

e 
tr

ee
 d

ia
gr

am
 to

 c
al

cu
la

te
 th

e 
pr

ob
ab

ilit
ie

s 
fo

r e
ac

h 
of

 th
e 

fo
ur

 o
ut

co
m

es
: 

 
 If 

th
e 

te
st

 sa
ys

 I’
m

 si
ck

, w
ha

t i
s t

he
 ch

an
ce

 th
at

 I 
re

al
ly

 am
? 

H
in

t: 
Im

ag
in

e 
10

00
 p

eo
pl

e 
ta

ke
 th

e 
te

st
.  

W
or

k o
ut

 h
ow

 m
an

y 
w

ou
ld

 te
st

 p
os

iti
ve

, a
nd

 o
ut

 o
f t

ho
se

 p
eo

pl
e,

 h
ow

 m
an

y a
re

 re
al

ly
 s

ic
k?

 
 __

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
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__
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__
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__
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__
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__
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W
O

R
D

ED
: p

R
O

b
a

b
il

it
y

2)
 Ja

m
es

 p
la

ys
 a

n 
on

lin
e 

co
m

pu
te

r g
am

e.
 T

he
 p

ro
ba

bi
lit

y 
of

 h
im

 w
in

ni
ng

 a
ny

m
at

ch
 is

 0
.6

. W
ha

t i
s t

he
 p

ro
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bi
lit

y 
he

 w
in
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is 

fir
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 m
at

ch
, t

he
n

lo
se

s h
is 

se
co

nd
 m

at
ch

?

Yo
u 

m
ay

 w
an

t t
o 

us
e 

a
pr

ob
ab

ili
ty

 tr
ee

 d
ia

gr
am

 to
 h

el
p 

an
sw

er
 th

es
e 

qu
es

tio
ns

.

1)
 K

el
ly

 g
oe

s o
ce

an
 fi

sh
in

g.
 In

 th
at

 a
re

a 
th

er
e 

is 
a 

30
%

 c
ha

nc
e 

th
at

 a
 c
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gh

t
fis

h 
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a 
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rr
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ud
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ha
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he
 p
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bi
lit
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Ke
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s
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rr
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ud
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w

?

5)
 A

 b
ag

 c
on

ta
in

s 1
2 

re
d 

di
sc

s a
nd

 8
 g

re
en

 d
isc

s.
 A

 d
isc

 is
 p

ic
ke

d 
an

d
re

pl
ac

ed
 b

ef
or

e 
an

ot
he

r i
s p

ic
ke

d.
 W

ha
t i

s t
he

 p
ro

ba
bi

lit
y

at
 le

as
t o

ne
 g

re
en

 d
isc

 is
 p

ic
ke

d?

3)
 In

 a
 fa

ct
or

y, 
5%

 o
f t

he
 fi

ni
sh

ed
 T

Vs
 h

av
e 

a 
de

fe
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 th
at

 n
ee
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 to

 b
e

fix
ed

 b
ef

or
e 

th
ey
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 sh
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pe
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 A
s 

a 
fr
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tio

n,
 w
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s t
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pr
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ili
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Vs

 in
 a
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w
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av

e 
a 

de
fe

ct
?

6)
 T

he
 p

ro
ba

bi
lit

y 
of

 S
ha

ni
ce

 w
in

ni
ng

 a
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 d
ar
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 m

at
ch
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  ହ ଻

. I
f s
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s t
w

ic
e,

 w
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Jim thinks about all the probabilities for the next day.
We can assume these events are independent.

GOOD Day BAD Day

Jim’s bus to work will be late.P 1
5=

Jim’s favourite coffee shop will 
run out of Jim’s favourite coffee.

P 1
20=

Jim’s alarm clock will not work.P 1
10=

Jim’s football team will win 
their mid-week match.

P 1
2=

Jim’s partner will cook his 
favourite meal for dinner.

P 2
3=

Jim will win the lottery.P 1
1,000,000=

Jim will get a pay raise at work.P 5
12=

Jim will get a rude email at work.P 4
5=

Jim will get rained on.P 5
8=

It will be sunny after work.P 3
4=

Jim will find a £5 note on the street.P 3
100=

Jim will bump into an old friend.P 3
20=

Jim will be disappointed 
with his new haircut.

P 2
7=

Find the probabilities for these combined events (a tree-diagram can help):

a) Jim’s bus is late but he enjoys some sun after work. e) Jim’s alarm clock works, but the bus to work is late.

b) Jim’s bumps into an old friend and his football team win their match. f) Jim doesn’t get a pay raise, but he does win the lottery.

c) Jim’s gets a rude email at work, but he gets his favourite meal in the evening. g) Jim’s will be happy with his haircut and he doesn’t get rained on.

d) Jim’s alarm clock will not work, he will get a rude email and
he will be disappointed with his new haircut.

h) While enjoying some sun after work, Jim will bump into
an old friend and then find £5 on the street.

Describe how tomorrow’s events may not be independent.Create possible good & bad days for Jim. How close to a 50% probability can you get?
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ou

nt
er

s 
as

 s
ho

w
n.

A 
co

un
te

r i
s 

to
 b

e 
pi

ck
ed

 a
t r

an
do

m
 fr

om
 B

ag
 A

 a
nd

 p
la

ce
d 

in
to

 B
ag

 B
.

A 
co

un
te

r i
s 

th
en

 to
 b

e 
pi

ck
ed

 fr
om

 B
ag

 B
.

W
or

k 
ou

t t
he

 p
ro

ba
bi

lit
y 

th
at

 th
e 

co
un

te
r p

ic
ke

d 
fro

m
 B

ag
 B

 w
ill

 b
e 

w
hi

te
.

w
w

w
.M

at
hs

P
ad

.c
o.

uk

7.
E

ac
h 

da
y,

 th
er

e 
is

 a
 4

0%
 c

ha
nc

e 
th

at
 L

uk
e 

w
ill

 c
yc

le
 to

 w
or

k,
 o

th
er

w
is

e 
he

 w
ill

 ta
ke

 th
e 

bu
s.

If 
he

 c
yc

le
s,

 th
er

e 
is

 a
 5

%
 c

ha
nc

e 
he

 w
ill

 
ar

riv
e 

la
te

. I
f h

e 
ta

ke
s 

th
e 

bu
s,

 th
er

e 
is

 a
 1

5%
 

ch
an

ce
 h

e 
w

ill
 a

rr
iv

e 
la

te
.

(a
) W

or
k 

ou
t t

he
 p

ro
ba

bi
lit

y 
th

at
 L

uk
e 

w
ill

 
ar

riv
e 

la
te

 to
 w

or
k 

on
 a

ny
 g

iv
en

 d
ay

.

(b
) G

iv
en

 th
at

 L
uk

e 
w

as
 la

te
 o

ne
 d

ay
, w

or
k 

ou
t t

he
 p

ro
ba

bi
lit

y 
th

at
 h

e 
ha

d 
cy

cl
ed

 o
n 

th
is

 
da

y.

B
ag

 A
B

ag
 B

5.
 T

w
o 

bo
xe

s 
co

nt
ai

n 
bl

ac
k 

an
d 

w
hi

te
 c

ou
nt

er
s 

as
 s

ho
w

n.

A 
co

un
te

r w
ill

 b
e 

pi
ck

ed
 fr

om
 B

ox
 A

 a
nd

 p
la

ce
d 

in
to

 B
ox

 B
.

A 
co

un
te

r w
ill

 th
en

 b
e 

pi
ck

ed
 fr

om
 B

ox
 B

 a
nd

 p
la

ce
d 

in
to

 B
ox

 A
.

(a
)W

or
k 

ou
t t

he
 p

ro
ba

bi
lit

y 
th

at
 B

ox
 A

 w
ill

en
d 

up
 c

on
ta

in
in

g 
3 

w
hi

te
 c

ou
nt

er
s.

(b
) W

or
k 

ou
t t

he
 p

ro
ba

bi
lit

y 
th

at
 B

ox
 A

 w
ill

en
d 

up
 c

on
ta

in
in

g 
ex

ac
tly

 2
 w

hi
te

 c
ou

nt
er

s.

B
ox

 A

B
ox

 B
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Probability 
Trees

1st pick

white

1) 2nd pick

2
4

grey

white

Outcome
Probabilities

grey

A cube is picked at random from the box.
It is not replaced before another cube is picked.
Complete the probability tree & the probability of each outcome.

white

grey

1st pick

white

2) 2nd pick

grey

white

Outcome
Probabilities

grey

white

grey

A cube is picked from the box, and not replaced before another is picked.
What is the probability 2 white cubes are picked? 
What is the probability only 1 grey cube is picked?

1st pick

3) 2nd pick

Two spheres are picked from the box.
What is P(2 white spheres)? 
What is the probability at least one of the spheres is white?

4) 

If two disks are picked from this box, what is P(different coloured disks)? 

If three disks are picked from the box, what is P(3 white disks)? 

× 6

× 4
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1st pick

2nd pick
Outcome

Probabilities

1)  Two cubes are picked at random from the box.

Calculate:

P(two black cubes)

P(not two white cubes)

P(two cubes of different colours)

P(a grey cube & a black cube)

P(at least one black cube)

black

white

grey

white

black

white

grey

black

white

grey

black

2)  Three cubes are picked at random from the box.

Calculate:

P(WWW)

P(2 or more white cubes)

P(2 grey cubes)

If 4 cubes are picked, what is P(WWWW)?

W

G

(8×7×6 = 336)
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Pr
ob

ab
ili

ty
 &

 T
re

e 
Di

ag
ra

m
s C

ha
lle

ng
e 

1 
A 

bo
x c

on
ta

in
s 3

 re
d 

di
sc

s,
 5 

bl
ue

 d
is

cs
 an

d 
6 

gr
ee

n 
di

sc
s.

 I r
em

ov
e 

on
e 

di
sc

 a
t r

an
do

m
, n

ot
e 

its
 co

lo
ur

 th
en

 re
tu

rn
 it

 to
 th

e 
bo

x.
 I t

he
n 

re
m

ov
e 

a 
se

co
nd

 d
is

c a
t r

an
do

m
. 

 
(a

) F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 b
ot

h 
di

sc
s a

re
 th

e 
sa

m
e 

co
lo

ur
. 

 
(b

) F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 e
xa

ct
ly

 o
ne

 d
is

c i
s r

ed
. 

 
(c

) I
f I

 ta
ke

 a 
to

ta
l o

f 5
 d

is
cs

, r
ep

la
ci

ng
 th

e 
di

sc
 e

ac
h 

tim
e,

 fi
nd

 th
e 

pr
ob

ab
ili

ty
 th

at
 al

l 5
 d

is
cs

 
ar

e 
re

d.
 

2 
An

ot
he

r b
ox

 co
nt

ai
ns

 4 
ye

llo
w

 d
is

cs
 an

d 
7 

bl
ac

k d
is

cs
. I

 re
m

ov
e 

on
e 

at
 ra

nd
om

, p
la

ce
 it

 in
 m

y 
po

ck
et

 th
en

 re
m

ov
e 

a s
ec

on
d 

di
sc

 at
 ra

nd
om

. 

 
(a

) F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 th
e 

di
sc

s a
re

 d
iff

er
en

t c
ol

ou
rs

. 

 
(b

) I
f I

 ta
ke

 a
 to

ta
l o

f t
hr

ee
 d

is
cs

, f
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

: 

(i)
 al

l a
re

 ye
llo

w
 

(ii
) a

ll 
th

re
e 

ar
e 

di
ff

er
en

t c
ol

ou
rs

. 

3 
A 

ba
g 

co
nt

ai
ns

 so
m

e 
re

d 
ba

lls
, s

om
e 

bl
ue

 b
al

ls 
an

d 
so

m
e 

gr
ee

n 
ba

lls
. W

he
n 

a b
al

l i
s r

em
ov

ed
 

at
 ra

nd
om

 th
e 

pr
ob

ab
ili

ty
 th

at
 it

 is
 re

d 
is

 1 3 a
nd

 th
e 

pr
ob

ab
ili

ty
 th

at
 it

 is
 b

lu
e 

is
 2 9. T

he
re

 ar
e 

m
or

e 
th

an
 3

0 
ba

lls
 in

 th
e 

bo
x.

 W
ha

t i
s t

he
 fe

w
es

t n
um

be
r o

f g
re

en
 b

al
ls

? 

4 
Ea

ch
 m

or
ni

ng
 th

e 
pr

ob
ab

ili
ty

 th
at

 A
nn

a g
et

s u
p 

la
te

 is
 1 5. I

f s
he

 ge
ts

 u
p 

la
te

 th
e 

pr
ob

ab
ili

ty
 

th
at

 m
is

se
s h

er
 b

us
 is

 5 6. I
f s

he
 d

oe
sn

’t 
ge

t u
p 

la
te

 th
e 

pr
ob

ab
ili

ty
 th

at
 sh

e 
m

is
se

s h
er

 b
us

 is
 1 4. 

 
(a

) F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

, o
n 

M
on

da
y 

m
or

ni
ng

, s
he

 m
is

se
s h

er
 b

us
. 

 
(b

) F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 sh
e 

ca
tc

he
s h

er
 b

us
 e

ve
ry

 m
or

ni
ng

 fr
om

 M
on

da
y t

o 
Fr

id
ay

. 

5 
A 

bo
x c

on
ta

in
s s

om
e 

re
d 

ba
ll 

an
d 

so
m

e 
bl

ue
 b

al
ls

. T
he

re
 ar

e 
fo

ur
 m

or
e 

bl
ue

 b
al

ls
 th

an
 re

d 
ba

lls
. A

 b
al

l i
s r

em
ov

ed
 at

 ra
nd

om
, r

ep
la

ce
d 

an
d 

a 
se

co
nd

 b
al

l r
an

do
m

ly
 re

m
ov

ed
. T

he
 

pr
ob

ab
ili

ty
 th

at
 th

e 
tw

o 
ba

lls
 ar

e 
di

ff
er

en
t c

ol
ou

rs
 is

 21 50
. H

ow
 m

an
y b

al
ls

 o
f e

ac
h 

co
lo

ur
 ar

e 
in

 
th

e 
bo

x?
 

6 
A 

bo
x c

on
ta

in
s s

om
e 

w
hi

te
 b

al
ls

 an
d 

so
m

e 
bl

ue
 b

al
ls.

 Th
er

e 
ar

e 
5 

m
or

e 
bl

ue
 b

al
ls

 th
an

 w
hi

te
 

ba
lls

. O
ne

 b
al

l i
s r

em
ov

ed
 at

 ra
nd

om
 an

d 
no

t r
ep

la
ce

d.
 A

 se
co

nd
 b

al
l i

s t
he

n 
re

m
ov

ed
 at

 
ra

nd
om

. T
he

 p
ro

ba
bi

lit
y t

ha
t t

he
 b

al
ls

 ar
e 

di
ff

er
en

t c
ol

ou
rs

 is
 52 10

5. F
in

d 
th

e 
pr

ob
ab

ili
ty

 th
at

 
bo

th
 b

al
ls

 ar
e 

w
hi

te
. 

7 
A 

pr
iz

e 
m

us
t b

e 
ra

nd
om

ly
 aw

ar
de

d 
to

 ju
st

 o
ne

 o
f a

 g
ro

up
 o

f t
en

 p
eo

pl
e.

 W
hi

ch
 o

f t
he

 
fo

llo
w

in
g m

et
ho

ds
 is

 th
e 

fa
ire

st
? 

 
A:

 F
ol

d 
10

 id
en

tic
al

 p
ie

ce
s o

f p
ap

er
 in

 h
al

f a
nd

 p
ut

 th
em

 in
 a 

ba
g.

 N
in

e 
ha

ve
 ‘L

O
SE

’ w
rit

te
n 

on
 th

em
 an

d 
on

e 
ha

s ‘
W

IN
’. 

Li
ne

 th
e 

pe
op

le
 in

 al
ph

ab
et

ica
l o

rd
er

. T
he

 fi
rs

t p
er

so
n 

ra
nd

om
ly

 
ta

ke
s a

 p
ie

ce
 o

f p
ap

er
. I

f i
t s

ay
s ‘

W
IN

’ t
he

y a
re

 th
e 

w
in

ne
r a

nd
 th

e 
ga

m
e 

st
op

s t
he

re
. I

f i
t s

ay
s 

‘L
O

SE
’ t

he
y d

o 
no

t r
ep

la
ce

 th
e 

pa
pe

r a
nd

 th
e 

ne
xt

 p
er

so
n 

ha
s a

 g
o.

 

 
B:

 S
am

e 
as

 ‘A
’ b

ut
 th

is
 ti

m
e 

th
e 

pa
pe

r i
s p

ut
 b

ac
k 

in
 th

e 
ba

g 
be

fo
re

 th
e 

ne
xt

 p
er

so
n 

ha
s a

 g
o.

 

 
C:

 S
am

e 
as

 ‘B
’, 

th
at

 is
 e

ac
h 

pi
ec

e 
of

 p
ap

er
 is

 re
tu

rn
ed

 to
 th

e 
ba

g,
 b

ut
 th

er
e 

ar
e 

99
9 

‘L
O

SE
’ 

pa
pe

rs
 an

d 
on

e 
‘W

IN
’ p

ap
er

. 
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Tr
ee

 D
ia

g
ra

m
s 

fo
r 

D
ep

en
d

en
t 

Ev
en

ts
 

  

A
 b

oo
ks

he
lf 

co
nt

ai
ns

 t
hr

ee
 n

on
-f

ic
tio

n 
bo

ok
s 

an
d 

se
ve

n 
fic

tio
n 

bo
ok

s.
 B

ob
 

ch
oo

se
s 

tw
o 

bo
ok

s 
at

 r
an

do
m

. 
C
om

pl
et

e 
th

e 
tr

ee
 d

ia
gr

am
. 

 
       Fi

nd
 t

he
 p

ro
ba

bi
lit

y 
th

at
 B

ob
 c

ho
os

es
 t

w
o 

no
n-

fic
tio

n 
bo

ok
s.

 
 A
 d

ra
w

er
 c

on
ta

in
s 

fiv
e 

re
d 

so
ck

s 
an

d 
th

re
e 

bl
ac

k 
so

ck
s.

 A
 s

oc
k 

is
 t

ak
en

 o
ut

 a
t 

ra
nd

om
 

an
d 

no
t 

re
pl

ac
ed

. 
A
 s

ec
on

d 
so

ck
 is

 t
he

n 
ta

ke
n 

ou
t.

 D
ra

w
 a

 t
re

e 
di

ag
ra

m
 a

nd
 

ca
lc

ul
at

e 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
ei

th
er

 a
 p

ai
r 

of
 r

ed
 s

oc
ks

 o
r 

a 
pa

ir
 o

f 
bl

ac
k 

so
ck

s 
is

 
ch

os
en

. 
 A
 b

ag
 c

on
ta

in
s 

4 
ye

llo
w

 b
al

ls
 a

nd
 6

 g
re

en
 

ba
lls

. 
A
 b

al
l i

s 
ta

ke
n 

fr
om

 t
he

 b
ag

 a
nd

 n
ot

 
re

pl
ac

ed
. 

A
 s

ec
on

d 
ba

ll 
is

 t
he

n 
ta

ke
n.

 
D

ra
w

 a
 t

re
e 

di
ag

ra
m

 a
nd

 f
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
tw

o 
ba

lls
 a

re
 d

iff
er

en
t 

co
lo

ur
s.

 
 A
m

ir
 h

as
 a

 b
is

cu
it 

tin
 c

on
ta

in
in

g 
3 

bo
ur

bo
ns

 a
nd

 5
 c

us
ta

rd
 c

re
am

s.
 H

e 
ch

oo
se

s 
a 

bi
sc

ui
t 

at
 r

an
do

m
, 

ea
ts

 it
, 

th
en

 
ch

oo
se

s 
an

ot
he

r 
an

d 
ea

ts
 t

ha
t 

to
o.

 D
ra

w
 a

 
tr

ee
 d

ia
gr

am
 a

nd
 u

se
 it

 t
o 

fin
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

A
m

ir
 h

as
 e

at
en

 a
t 

le
as

t 
on

e 
cu

st
ar

d 
cr

ea
m

. 
 In

 a
 z

oo
, 

th
er

e 
ar

e 
fo

ur
 e

le
ph

an
ts

, 
th

re
e 

tig
er

s 
an

d 
tw

o 
gi

ra
ff
es

. 
Th

e 
zo

ok
ee

pe
r 

w
an

ts
 t

o 
ch

oo
se

 t
w

o 
an

im
al

s 
at

 r
an

do
m

 t
o 

ta
ke

 p
ar

t 
in

 a
 p

ro
m

ot
io

na
l p

ho
to

. 
D

ra
w

 a
 

tr
ee

 d
ia

gr
am

 a
nd

 u
se

 it
 t

o 
fin

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
zo

ok
ee

pe
r 

ch
oo

se
s 

tw
o 

of
 t

he
 s

am
e 

an
im

al
. 

Tr
ee

 D
ia

g
ra

m
s 

fo
r 

D
ep

en
d

en
t 

Ev
en

ts
 

  

A
 b

oo
ks

he
lf 

co
nt

ai
ns

 t
hr

ee
 n

on
-f

ic
tio

n 
bo

ok
s 

an
d 

se
ve

n 
fic

tio
n 

bo
ok

s.
 B

ob
 

ch
oo

se
s 

tw
o 

bo
ok

s 
at

 r
an

do
m

. 
C
om

pl
et

e 
th

e 
tr

ee
 d

ia
gr

am
. 

 
       Fi

nd
 t

he
 p

ro
ba

bi
lit

y 
th

at
 B

ob
 c

ho
os

es
 t

w
o 

no
n-

fic
tio

n 
bo

ok
s.

 
 A
 d

ra
w

er
 c

on
ta

in
s 

fiv
e 

re
d 

so
ck

s 
an

d 
th

re
e 

bl
ac

k 
so

ck
s.

 A
 s

oc
k 

is
 t

ak
en

 o
ut

 a
t 

ra
nd

om
 

an
d 

no
t 

re
pl

ac
ed

. 
A
 s

ec
on

d 
so

ck
 is

 t
he

n 
ta

ke
n 

ou
t.

 D
ra

w
 a

 t
re

e 
di

ag
ra

m
 a

nd
 

ca
lc

ul
at

e 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
ei

th
er

 a
 p

ai
r 

of
 r

ed
 s

oc
ks

 o
r 

a 
pa

ir
 o

f 
bl

ac
k 

so
ck

s 
is

 
ch

os
en

. 
 A
 b

ag
 c

on
ta

in
s 

4 
ye

llo
w

 b
al

ls
 a

nd
 6

 g
re

en
 

ba
lls

. 
A
 b

al
l i

s 
ta

ke
n 

fr
om

 t
he

 b
ag

 a
nd

 n
ot

 
re

pl
ac

ed
. 

A
 s

ec
on

d 
ba

ll 
is

 t
he

n 
ta

ke
n.

 
D

ra
w

 a
 t

re
e 

di
ag

ra
m

 a
nd

 f
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
tw

o 
ba

lls
 a

re
 d

iff
er

en
t 

co
lo

ur
s.

 
 A
m

ir
 h

as
 a

 b
is

cu
it 

tin
 c

on
ta

in
in

g 
3 

bo
ur

bo
ns

 a
nd

 5
 c

us
ta

rd
 c

re
am

s.
 H

e 
ch

oo
se

s 
a 

bi
sc

ui
t 

at
 r

an
do

m
, 

ea
ts

 it
, 

th
en

 
ch

oo
se

s 
an

ot
he

r 
an

d 
ea

ts
 t

ha
t 

to
o.

 D
ra

w
 a

 
tr

ee
 d

ia
gr

am
 a

nd
 u

se
 it

 t
o 

fin
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

A
m

ir
 h

as
 e

at
en

 a
t 

le
as

t 
on

e 
cu

st
ar

d 
cr

ea
m

. 
 In

 a
 z

oo
, 

th
er

e 
ar

e 
fo

ur
 e

le
ph

an
ts

, 
th

re
e 

tig
er

s 
an

d 
tw

o 
gi

ra
ff
es

. 
Th

e 
zo

ok
ee

pe
r 

w
an

ts
 t

o 
ch

oo
se

 t
w

o 
an

im
al

s 
at

 r
an

do
m

 t
o 

ta
ke

 p
ar

t 
in

 a
 p

ro
m

ot
io

na
l p

ho
to

. 
D

ra
w

 a
 

tr
ee

 d
ia

gr
am

 a
nd

 u
se

 it
 t

o 
fin

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
zo

ok
ee

pe
r 

ch
oo

se
s 

tw
o 

of
 t

he
 s

am
e 

an
im

al
. 
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H
ar

d
er

 P
ro

b
ab

ili
ty

 P
ro

b
le

m
s 

(a
) 

A
 b

ag
 c

on
ta

in
s 

se
ve

n 
re

d 
ba

lls
 a

nd
 

th
re

e 
bl

ac
k 

ba
lls

. 
A
nt

on
 t

ak
es

 o
ut

 a
 b

al
l, 

no
te

s 
th

e 
co

lo
ur

 a
nd

 r
ep

la
ce

s 
it.

 H
e 

do
es

 
th

is
 t

hr
ee

 t
im

es
. 

W
ha

t 
is

 t
he

 p
ro

ba
bi

lit
y 

th
at

 h
e 

ta
ke

s 
ou

t 
at

 le
as

t 
on

e 
re

d 
ba

ll?
 

 (b
) 

D
eb

bi
e 

ha
s 

5 
tin

s 
of

 t
om

at
oe

s 
an

d 
7 

tin
s 

of
 b

ea
ns

 in
 t

he
 c

up
bo

ar
d,

 b
ut

 t
he

 
la

be
ls

 h
av

e 
co

m
e 

of
f 
th

e 
tin

s.
 D

eb
bi

e 
ch

oo
se

s 
tw

o 
tin

s 
at

 r
an

do
m

. 
C
al

cu
la

te
 t

he
 

pr
ob

ab
ili

ty
 t

ha
t 

D
eb

bi
e 

ch
oo

se
s 

tw
o 

tin
s 

of
 t

he
 s

am
e 

ty
pe

. 
 (c

) 
A
sh

ok
 h

as
 s

ix
 c

oi
ns

 in
 h

is
 p

oc
ke

t.
 H

e 
ha

s 
on

e 
5 

ce
nt

 c
oi

n,
 t

w
o 

10
 c

en
t 

co
in

s 
an

d 
th

re
e 

20
 c

en
t 

co
in

s.
 H

e 
ta

ke
s 

at
 

ra
nd

om
 a

 c
oi

n 
fr

om
 h

is
 p

oc
ke

t,
 r

ec
or

ds
 

its
 v

al
ue

 a
nd

 p
ut

s 
th

e 
co

in
 b

ac
k 

in
to

 h
is

 
po

ck
et

. 
H

e 
do

es
 t

hi
s 

tw
ic

e.
 C

al
cu

la
te

 t
he

 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
se

co
nd

 c
oi

n 
he

 t
ak

es
 

ha
s 

a 
hi

gh
er

 v
al

ue
 t

ha
n 

th
e 

fir
st

 c
oi

n 
he

 
ta

ke
s.

  
 (d

) 
A
 b

ag
 c

on
ta

in
s 

3 
bl

ac
k 

be
ad

s,
 5

 r
ed

 
be

ad
s 

an
d 

2 
gr

ee
n 

be
ad

s.
 G

ia
nn

a 
ta

ke
s 

a 
be

ad
 a

t 
ra

nd
om

 f
ro

m
 t

he
 b

ag
, 

re
co

rd
s 

its
 

co
lo

ur
 a

nd
 r

ep
la

ce
s 

it.
 S

he
 d

oe
s 

th
is

 t
w

o 
m

or
e 

tim
es

. 
W

or
k 

ou
t 

th
e 

pr
ob

ab
ili

ty
 

th
at

, 
of

 t
he

 t
hr

ee
 b

ea
ds

 G
ia

nn
a 

ta
ke

s,
 

ex
ac

tly
 t

w
o 

ar
e 

th
e 

sa
m

e 
co

lo
ur

. 
 

 (e
) 

B
ar

ne
y 

ha
s 

a 
bi

as
ed

 c
oi

n.
 W

he
n 

th
e 

co
in

 is
 t

hr
ow

n 
on

ce
, 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

th
e 

co
in

 w
ill

 la
nd

 h
ea

ds
 is

 0
.3

. 
B
ar

ne
y 

th
ro

w
s 

th
e 

co
in

 4
 t

im
es

. 
W

or
k 

ou
t 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

th
e 

co
in

 w
ill

 la
nd

 h
ea

ds
 a

t 
le

as
t 

on
ce

. 
 

 (f
) 

C
ar

ol
yn

 h
as

 2
0 

bi
sc

ui
ts

 in
 a

 t
in

. 
S
he

 
ha

s 
12

 p
la

in
 b

is
cu

its
, 

5 
ch

oc
ol

at
e 

bi
sc

ui
ts

 
an

d 
3 

gi
ng

er
 b

is
cu

its
. 

C
ar

ol
yn

 t
ak

es
 a

t 
ra

nd
om

 t
w

o 
bi

sc
ui

ts
 f
ro

m
 t

he
 t

in
. 

W
or

k 
ou

t 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
tw

o 
bi

sc
ui

ts
 

w
er

e 
n

ot
 t

he
 s

am
e 

ty
pe

. 
 

H
ar

d
er

 P
ro

b
ab

ili
ty

 P
ro

b
le

m
s 

(a
) 

A
 b

ag
 c

on
ta

in
s 

se
ve

n 
re

d 
ba

lls
 a

nd
 

th
re

e 
bl

ac
k 

ba
lls

. 
A
nt

on
 t

ak
es

 o
ut

 a
 b

al
l, 

no
te

s 
th

e 
co

lo
ur

 a
nd

 r
ep

la
ce

s 
it.

 H
e 

do
es

 
th

is
 t

hr
ee

 t
im

es
. 

W
ha

t 
is

 t
he

 p
ro

ba
bi

lit
y 

th
at

 h
e 

ta
ke

s 
ou

t 
at

 le
as

t 
on

e 
re

d 
ba

ll?
 

 (b
) 

D
eb

bi
e 

ha
s 

5 
tin

s 
of

 t
om

at
oe

s 
an

d 
7 

tin
s 

of
 b

ea
ns

 in
 t

he
 c

up
bo

ar
d,

 b
ut

 t
he

 
la

be
ls

 h
av

e 
co

m
e 

of
f 
th

e 
tin

s.
 D

eb
bi

e 
ch

oo
se

s 
tw

o 
tin

s 
at

 r
an

do
m

. 
C
al

cu
la

te
 t

he
 

pr
ob

ab
ili

ty
 t

ha
t 

D
eb

bi
e 

ch
oo

se
s 

tw
o 

tin
s 

of
 t

he
 s

am
e 

ty
pe

. 
 (c

) 
A
sh

ok
 h

as
 s

ix
 c

oi
ns

 in
 h

is
 p

oc
ke

t.
 H

e 
ha

s 
on

e 
5 

ce
nt

 c
oi

n,
 t

w
o 

10
 c

en
t 

co
in

s 
an

d 
th

re
e 

20
 c

en
t 

co
in

s.
 H

e 
ta

ke
s 

at
 

ra
nd

om
 a

 c
oi

n 
fr

om
 h

is
 p

oc
ke

t,
 r

ec
or

ds
 

its
 v

al
ue

 a
nd

 p
ut

s 
th

e 
co

in
 b

ac
k 

in
to

 h
is

 
po

ck
et

. 
H

e 
do

es
 t

hi
s 

tw
ic

e.
 C

al
cu

la
te

 t
he

 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
se

co
nd

 c
oi

n 
he

 t
ak

es
 

ha
s 

a 
hi

gh
er

 v
al

ue
 t

ha
n 

th
e 

fir
st

 c
oi

n 
he

 
ta

ke
s.

  
 (d

) 
A
 b

ag
 c

on
ta

in
s 

3 
bl

ac
k 

be
ad

s,
 5

 r
ed

 
be

ad
s 

an
d 

2 
gr

ee
n 

be
ad

s.
 G

ia
nn

a 
ta

ke
s 

a 
be

ad
 a

t 
ra

nd
om

 f
ro

m
 t

he
 b

ag
, 

re
co

rd
s 

its
 

co
lo

ur
 a

nd
 r

ep
la

ce
s 

it.
 S

he
 d

oe
s 

th
is

 t
w

o 
m

or
e 

tim
es

. 
W

or
k 

ou
t 

th
e 

pr
ob

ab
ili

ty
 

th
at

, 
of

 t
he

 t
hr

ee
 b

ea
ds

 G
ia

nn
a 

ta
ke

s,
 

ex
ac

tly
 t

w
o 

ar
e 

th
e 

sa
m

e 
co

lo
ur

. 
 

 (e
) 

B
ar

ne
y 

ha
s 

a 
bi

as
ed

 c
oi

n.
 W

he
n 

th
e 

co
in

 is
 t

hr
ow

n 
on

ce
, 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

th
e 

co
in

 w
ill

 la
nd

 h
ea

ds
 is

 0
.3

. 
B
ar

ne
y 

th
ro

w
s 

th
e 

co
in

 4
 t

im
es

. 
W

or
k 

ou
t 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

th
e 

co
in

 w
ill

 la
nd

 h
ea

ds
 a

t 
le

as
t 

on
ce

. 
 

 (f
) 

C
ar

ol
yn

 h
as

 2
0 

bi
sc

ui
ts

 in
 a

 t
in

. 
S
he

 
ha

s 
12

 p
la

in
 b

is
cu

its
, 

5 
ch

oc
ol

at
e 

bi
sc

ui
ts

 
an

d 
3 

gi
ng

er
 b

is
cu

its
. 

C
ar

ol
yn

 t
ak

es
 a

t 
ra

nd
om

 t
w

o 
bi

sc
ui

ts
 f
ro

m
 t

he
 t

in
. 

W
or

k 
ou

t 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
tw

o 
bi

sc
ui

ts
 

w
er

e 
n

ot
 t

he
 s

am
e 

ty
pe

. 
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Tree Diagrams Revision 
(a) (b) (c) 

Allie and Alex play two games of tennis. 
The probability of Allie winning the game 
is 0.45.  
(a) Complete the tree diagram. 

 
 
(b) Find the probability that Alex wins both 
matches. 
 
 
 
 
(c) Find the probability that Allie and Alex 
win  one match each. 

Yusuf spins two fair spinners, A and B. 
Spinner A can land on a 1, 2 or 3. Spinner 
B can land on a 2, 3 or 4.  
(a) Draw a tree diagram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Find the probability that the total on 
the spinners is an odd number. 

There are 10 biscuits in a tin. 7 are 
digestives and 3 are bourbons. Temi takes 
a biscuit at random from the tin and eats 
it. She does this two more times. Calculate 
the probability that she has eaten at least 
two digestives. 
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• Does it matter which box Laura chooses from first?

• Will the order affect the probabilities of the combined outcomes?
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2.
A 

fa
ir 

sp
in

ne
r h

as
 e

ig
ht

 e
qu

al
ly

 s
iz

ed
 

se
ct

or
s.

 𝑛
of

 th
e 

se
ct

or
s 

ar
e 

re
d 

an
d 

th
e 

re
st

 a
re

 b
lu

e.

(a
) T

he
 s

pi
nn

er
 is

 to
 b

e 
sp

un
 o

nc
e.

 W
rit

e 
ex

pr
es

si
on

s 
in

 te
rm

s 
of

 𝑛
fo

r:

(i)
 P

(re
d)

(ii
) P

(b
lu

e)

(b
) I

f t
he

 s
pi

nn
er

 is
 s

pu
n 

tw
ic

e,
 th

e 
pr

ob
ab

ilit
y 

of
 it

 la
nd

in
g 

on
 re

d 
bo

th
 ti

m
es

 
is

 9 16
.W

or
k 

ou
t t

he
 v

al
ue

 o
f 𝑛

.

Pr
ob
ab
ilit
y 
tr
ee
s 
3:
 
al
ge
br
ai
c 
pr
ob
le
m
s

3.
A 

fa
ir 

si
x-

si
de

d 
di

e 
ha

s 
𝑛

gr
ee

n 
fa

ce
s.

 
Th

e 
re

st
 o

f t
he

 fa
ce

s 
ar

e 
bl

ac
k.

(a
) T

he
 d

ie
 is

 to
 b

e 
ro

lle
d 

on
ce

. W
rit

e 
ex

pr
es

si
on

s 
in

 te
rm

s 
of

 𝑛
fo

r:

(i)
 P

(g
re

en
)

(ii
) P

(b
la

ck
)

(b
) I

f t
he

 d
ie

 is
 ro

lle
d 

tw
ic

e,
 th

e 
pr

ob
ab

ilit
y 

of
 it

 la
nd

in
g 

on
 tw

o 
di

ffe
re

nt
 

co
lo

ur
s 

is
 1 2
.W

or
k 

ou
t t

he
 v

al
ue

 o
f 𝑛

.

5.
 A

 b
ag

 c
on

ta
in

s 
15

 c
ou

nt
er

s.
 𝑥

of
 th

e
co

un
te

rs
 a

re
 y

el
lo

w.

(a
) A

 c
ou

nt
er

 is
 to

 b
e 

pi
ck

ed
 a

t r
an

do
m

. 
W

rit
e 

ex
pr

es
si

on
s 

in
 te

rm
s 

of
 𝑥

fo
r:

(i)
 P

(y
el

lo
w

)
(ii

) P
(y

el
lo

w
’)

(b
) I

f a
 c

ou
nt

er
 is

 p
ic

ke
d 

fro
m

 th
e 

ba
g 

at
 

ra
nd

om
, r

ep
la

ce
d,

 a
nd

 th
en

 a
 s

ec
on

d 
co

un
te

r p
ic

ke
d,

 th
e 

pr
ob

ab
ilit

y 
th

at
 a

t l
ea

st
 

on
e 

co
un

te
r w

ill
 b

e 
ye

llo
w

 is
 24 25

.W
or

k 
ou

t 
th

e 
va

lu
e 

of
 𝑥

.

4.
 T

he
re

 a
re

 1
0 

ca
rd

s 
in

 a
 p

ac
k.

 𝑥
of

th
e 

ca
rd

s 
ha

ve
 a

 tr
ia

ng
le

 a
nd

 th
e 

re
st

 h
av

e 
a 

st
ar

.

(a
) A

 c
ar

d 
is

 to
 b

e 
pi

ck
ed

 a
t r

an
do

m
. W

rit
e 

ex
pr

es
si

on
s 

in
 te

rm
s 

of
 𝑥

fo
r:

(i)
 P

(tr
ia

ng
le

)
(ii

) P
(s

ta
r)

(b
) I

f a
 c

ar
d 

is
 p

ic
ke

d 
at

 ra
nd

om
, r

ep
la

ce
d,

 
an

d 
th

en
 a

 s
ec

on
d 

ca
rd

 p
ic

ke
d,

 th
e 

pr
ob

ab
ilit

y 
th

at
 th

e 
tw

o 
co

un
te

rs
 h

av
e 

th
e 

sa
m

e 
sh

ap
e 

is
 29 50

.W
or

k 
ou

t t
he

 tw
o 

po
ss

ib
le

 v
al

ue
s 

of
 𝑥

.

w
w

w
.M

at
hs

Pa
d.

co
.u

k

1.
A 

fa
ir 

sp
in

ne
r h

as
 te

n 
eq

ua
lly

 li
ke

ly
 

se
ct

or
s.

 𝑛
of

 th
e 

se
ct

or
s 

ar
e 

bl
ac

k 
an

d 
th

e 
re

st
 a

re
 w

hi
te

.

(a
)T

he
 s

pi
nn

er
 is

 to
 b

e 
sp

un
 o

nc
e.

(b
)W

rit
e 

ex
pr

es
si

on
s 

in
 te

rm
s 

of
 𝑛

fo
r:

(i)
 P

(b
la

ck
)

(ii
) P

(w
hi

te
)

(b
) T

he
 s

pi
nn

er
 is

 to
 b

e 
sp

un
 tw

ic
e.

 
C

om
pl

et
e 

th
e 

tre
e 

di
ag

ra
m

 w
ith

 
ex

pr
es

si
on

s 
in

 te
rm

s 
of

 𝑛
fo

r t
he

 
pr

ob
ab

ilit
ie

s.

P(
BB

) =
 

P(
BW

) =
 

P(
W

B)
 =

 

P(
W

W
) =

 

(c
) G

iv
en

 th
at

 w
he

n 
th

e 
sp

in
ne

r i
s 

sp
un

 
tw

ic
e,

 th
e 

pr
ob

ab
ilit

y 
th

at
 it

 la
nd

s 
on

 
bl

ac
k 

bo
th

 ti
m

es
 is

 16 25
, w

or
k 

ou
t t

he
 v

al
ue

 
of

 𝑛
.
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6.
 A

 b
ag

 c
on

ta
in

s 
re

d 
an

d 
bl

ue
 c

ou
nt

er
s.

 
Th

er
e 

ar
e 
𝑛

re
d 

co
un

te
rs

 a
nd

 tw
ic

e 
as

 m
an

y 
bl

ue
 c

ou
nt

er
s.

(a
) T

w
o 

co
un

te
rs

 a
re

 p
ic

ke
d 

at
 ra

nd
om

 w
ith

ou
t r

ep
la

ce
m

en
t. 

W
or

k 
ou

t t
he

 p
ro

ba
bi

lit
ie

s 
(in

 te
rm

s 
of

 𝑛
) f

or
 th

e 
tre

e 
di

ag
ra

m
.

w
w

w
.M

at
hs

Pa
d.

co
.u

k

7.
 A

 b
ag

 c
on

ta
in

s 
ye

llo
w

 a
nd

 re
d 

sw
ee

ts
 in

 
th

e 
ra

tio
 1

 : 
4.

If 
tw

o 
co

un
te

rs
 a

re
 p

ic
ke

d 
at

 ra
nd

om
 (w

ith
ou

t 
re

pl
ac

em
en

t),
 th

e 
pr

ob
ab

ili
ty

 th
at

 th
ey

 w
ill

 
bo

th
 b

e 
ye

llo
w

 is
 1 35

.

W
or

k 
ou

t h
ow

 m
an

y 
ye

llo
w

 s
w

ee
ts

 a
re

 in
 th

e 
ba

g.

8.
 A

 b
ag

 c
on

ta
in

s 
bl

ac
k 

an
d 

w
hi

te
 to

ke
ns

.
Th

er
e 

ar
e 

3 
tim

es
 a

s 
m

an
y 

w
hi

te
 to

ke
ns

 a
s 

ba
ck

 d
is

cs
.

If 
tw

o 
to

ke
ns

 a
re

 p
ic

ke
d 

at
 ra

nd
om

 (w
ith

ou
t 

re
pl

ac
em

en
t),

 th
e 

pr
ob

ab
ili

ty
 th

at
 th

ey
 w

ill
 b

e 
th

e 
sa

m
e 

co
lo

ur
 is

 3 5.

W
or

k 
ou

t h
ow

 m
an

y 
bl

ac
k 

to
ke

ns
 a

re
 in

 th
e 

ba
g.

Th
e 

pr
ob

ab
ili

ty
 th

at
 th

e 
co

un
te

rs
 a

re
 b

ot
h 

re
d 

is
 1 10

.

(b
) W

or
k 

ou
t t

he
 v

al
ue

 o
f 𝑛

.

9.
 A

 b
ag

 c
on

ta
in

s 
𝑛

co
un

te
rs

. 5
 o

f t
he

 
co

un
te

rs
 a

re
 b

lu
e 

an
d 

th
e 

re
st

 a
re

 p
in

k.

If 
tw

o 
co

un
te

rs
 a

re
 p

ic
ke

d 
at

 ra
nd

om
 

(w
ith

ou
t r

ep
la

ce
m

en
t),

 th
e 

pr
ob

ab
ilit

y 
th

at
 

th
ey

 w
ill

 b
ot

h 
be

 b
lu

e 
is

 5 18
.

(a
) S

ho
w

 th
at

 𝑛
2
−
𝑛
−
72

=
0.

(b
) W

or
k 

ou
t t

he
 v

al
ue

 o
f 𝑛

.

10
. A

 b
ag

 c
on

ta
in

s 
𝑛

co
un

te
rs

. 8
 o

f t
he

 
co

un
te

rs
 a

re
 g

re
en

 a
nd

 th
e 

re
st

 a
re

 y
el

lo
w.

If 
tw

o 
co

un
te

rs
 a

re
 p

ic
ke

d 
at

 ra
nd

om
 (w

ith
ou

t 
re

pl
ac

em
en

t),
 th

e 
pr

ob
ab

ili
ty

 th
at

 th
ey

 w
ill

 b
e 

di
ffe

re
nt

 c
ol

ou
rs

 is
 1
6 45
.

(a
) S

ho
w

 th
at

 𝑛
2
−
46
𝑛
+
36
0
=
0.

(b
) W

or
k 

ou
t t

he
 tw

o 
po

ss
ib

le
 v

al
ue

s 
of

 𝑛
.

11
. A

 b
ag

 c
on

ta
in

s 
𝑛

re
d 

co
un

te
rs

 a
nd

 3
 

ye
llo

w
 c

ou
nt

er
s.

If 
tw

o 
co

un
te

rs
 a

re
 p

ic
ke

d 
at

 ra
nd

om
 

(w
ith

ou
t r

ep
la

ce
m

en
t),

 th
e 

pr
ob

ab
ilit

y 
th

at
 

th
ey

 w
ill

 b
ot

h 
be

 re
d 

is
 5 12

.

(a
) S

ho
w

 th
at

 7
𝑛2

−
37
𝑛
−
30

=
0.

(b
) W

or
k 

ou
t t

he
 v

al
ue

 o
f 𝑛

.

12
. A

 b
ag

 c
on

ta
in

s 
5 

go
ld

 c
ou

nt
er

s 
an

d 
at

 le
as

t 
on

e 
si

lv
er

 c
ou

nt
er

.

If 
tw

o 
co

un
te

rs
 a

re
 p

ic
ke

d 
at

 ra
nd

om
 (w

ith
ou

t 
re

pl
ac

em
en

t),
 th

e 
pr

ob
ab

ili
ty

 th
at

 th
ey

 w
ill

 b
e 

th
e 

sa
m

e 
co

lo
ur

 is
 2 3.

W
or

k 
ou

t t
he

 tw
o 

po
ss

ib
le

 n
um

be
rs

 o
f s

ilv
er

 
co

un
te

rs
.
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� � Qu
es
tio
n	1

:	
A	d

ra
we
r	c
on
tai
ns
	6	
re
d	s
oc
ks
	an
d	2

	gr
ee
n	s
oc
ks
.	

	
	

	
	

A	r
ed
	so
ck
	is
	ta
ke
n	o
ut
	of
	th
e	d
ra
we
r	a
nd
	no
t	r
ep
lac
ed
.	

	
	

	
	

De
xte
r	i
s	g
oin

g	t
o	p
ick
	a	
so
ck
	at
	ra
nd
om

	fr
om

	th
e	r
em

ain
ing

	so
ck
s	i
n	t
he
	dr
aw
er.
	

	
	

(a
)		W

rit
e	d
ow
n	t
he
	pr
ob
ab
ilit
y	t
ha
t	D
ex
ter
	pi
ck
s	a
	re
d	s
oc
k?
	

	
	

(b
)		W

rit
e	d
ow
n	t
he
	pr
ob
ab
ilit
y	t
ha
t	D
ex
ter
	pi
ck
s	a
	gr
ee
n	s
oc
k?
	

Qu
es
tio
n	2

:	
Th
er
e	a
re
	10

	ch
oc
ola
tes
	in
	a	
ba
g.	

	
	

Fo
ur
	ar
e	m

ilk
	ch
oc
ola
te	
an
d	s
ix	
ar
e	d
ar
k	c
ho
co
lat
e.	

	
	

Tw
o	c
ho
co
lat
es
	ar
e	t
ak
en
	ou
t	a
t	r
an
do
m	
w
it
ho
ut
	re
pla
ce
me

nt
.	

(a
)		C

op
y	a
nd
	co
mp

let
e	t
he
	tr
ee
	di
ag
ra
m	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	ge
tti
ng
	

				
				
tw
o	d
ar
k	c
ho
co
lat
es
.	

(c)
			F
ind

	th
e	p
ro
ba
bil
ity
	of
	ge
tti
ng
	

				
				
on
e	c
ho
co
lat
e	o
f	e
ac
h	L
lav
ou
r.	

(d
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	ge
tti
ng
	

				
				
at	
lea
st	
on
e	m

ilk
	ch
oc
ola
te.
	

Qu
es
tio
n	3

:	
13
	of
	th
e	2
0	s
tu
de
nt
s	i
n	M

r	D
av
ids
on
’s	
cla
ss
	ar
e	g
irl
s.	

	
	

Tw
o	s
tu
de
nt
s	a
re
	ch
os
en
	at
	ra
nd
om

.	

(a
)	C
op
y	a
nd
	co
mp

let
e	t
he
	tr
ee
	di
ag
ra
m	

(b
)	W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	of
	tw

o	b
oy
s	

				
			b
ein

g	s
ele
cte
d.	

(c)
	W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	of
	tw

o	g
irl
s	

				
		b
ein

g	s
ele
cte
d.	

Ex
am

ple
s

W
or
ko
ut
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Qu
es
tio
n	4

:	
Th
er
e	a
re
	12

	sw
ee
ts	
in	
a	b
ag
	

	
	

7	a
re
	le
mo

n	a
nd
	5	
ar
e	o
ra
ng
e.	

	
	

Tw
o	s
we
ets
	ar
e	t
ak
en
	ou
t	a
t	r
an
do
m	
w
it
ho
ut
	re
pla
ce
me

nt
.	

	
	

	
	

	
(a
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
wo
	sw

ee
ts	
ar
e	b
ot
h	l
em

on
	

	
	

(b
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
wo
	sw

ee
ts	
ar
e	b
ot
h	o
ra
ng
e	

	
	

(c)
		W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
wo
	sw

ee
ts	
ar
e	t
he
	sa
me

	Lla
vo
ur
	

	
	

(d
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
wo
	sw

ee
ts	
ar
e	d
iff
er
en
t	L
lav
ou
rs	

Qu
es
tio
n	5

:	
Th
er
e	a
re
	Liv
e	c
ou
nt
er
s	i
n	a
	ba
g.	

	
	

On
e	c
ou
nt
er
	is
	pi
nk
,	o
ne
	co
un
ter
	is
	gr
ee
n	a
nd
	th
re
e	c
ou
nt
er
s	a
re
	ye
llo
w.
	

	
	

A	c
ou
nt
er
	is
	se
lec
ted

	at
	ra
nd
om

	fr
om

	th
e	b
ag
	w
it
ho
ut
	re
pla
ce
me

nt
.	

	
	

Th
en
	a	
se
co
nd
	co
un
ter
	is
	ta
ke
n	a
t	r
an
do
m.
	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
bo
th
	co
un
ter
s	a
re
	ye
llo
w.
	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	a	
pin

k	c
ou
nt
er
	th
en
	a	
ye
llo
w	
co
un
ter
.	

Qu
es
tio
n	6

:	
In
	dr
y	w

ea
th
er,
	th
e	p
ro
ba
bil
ity
	of
	a	
bu
s	b
ein

g	l
ate
	is
		�
	

	
	

In
	ra
iny

	w
ea
th
er,
	th
e	p
ro
ba
bil
ity
	of
	a	
bu
s	b
ein

g	l
ate
	is
		�
	

	
	

In
	sn
ow
y	w

ea
th
er,
	th
e	p
ro
ba
bil
ity
	of
	a	
bu
s	b
ein

g	l
ate
	is
		�
	

	
	

Th
e	p
ro
ba
bil
ity
	of
	dr
y	w

ea
th
er
	is
		�
	

	
	

Th
e	p
ro
ba
bil
ity
	of
	w
et	
we
ath

er
	is
	�	

	
	

Th
e	p
ro
ba
bil
ity
	of
	sn
ow
	is
	�
	

(a
)
Sh
ow
	th
is	
inf
or
ma

tio
n	o
n	a
	tr
ee
	di
ag
ra
m	

(b
)
Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	t
he
	w
ea
th
er
	is
	dr
y	a
nd
	th
e	b
us
	is
	on
	tim

e.	
(c)

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	t
he
	bu

s	i
s	l
ate
	

Qu
es
tio
n	7

:	
Ca
th
er
ine

	ha
s	t
wo
	ba
gs
	of
	co
un
ter
s.	

	
	

Ba
g	A

	co
nt
ain

s	6
	re
d	c
ou
nt
er
s	a
nd
	2	
bla
ck
	co
un
ter
s.	

	
	

Ba
g	B

	co
nt
ain

s	1
	re
d	c
ou
nt
er
s	a
nd
	4	
bla
ck
	co
un
ter
s	

	
	

Ca
th
er
ine

	ro
lls
	a	
fai
r	o
rd
ina

ry
	si
x-s
ide

d	d
ice
.	

	
	

If	
th
e	d
ice
	la
nd
s	o
n	a
	1,
	sh
e	t
ak
es
	a	
co
un
ter
	at
	ra
nd
om

	fr
om

	Ba
g	B

.	
	

	
If	
th
e	d
ice
	la
nd
s	o
n	a
ny
	ot
he
r	n
um

be
r,	C
ath

er
ine

	ta
ke
s	a
	co
un
ter
	ra
nd
om

ly	
fro
m	
	

	
	

Ba
g	A

.	

	
	

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	o
f	C
ath

er
ine

	ge
tti
ng
	a	
bla
ck
	co
un
ter
.	

1 10

1 4

2 3

3 4 1 5

1 20
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Qu
es
tio
n	8

:	
Th
er
e	a
re
	th
re
e	L
lav
ou
rs	
of	
cr
isp
s	i
n	a
	ca
fe.
	

	
	

Th
er
e	a
re
	3	
pa
ck
ets
	of
	sa
lt	a

nd
	vi
ne
ga
r	

	
	

	
				
		5
	pa
ck
ets
	of
	ch
ee
se
	an
d	o
nio

n	
	

	
	

				
		1
	pa
ck
et	
of	
ro
as
t	c
hic
ke
n	

	
	

Be
lla
	ta
ke
s	t
wo
	pa
ck
ets
	of
	cr
isp
s	a
t	r
an
do
m.
	

(a
)
	W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
sh
e	t
ak
es
	2	
pa
ck
ets
	of
	cr
isp
s	t
ha
t	a
re
	th
e	

sa
m
e	L
lav
ou
r.	

	
	

(b
)			
W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
sh
e	t
ak
es
	2	
pa
ck
ets
	of
	cr
isp
s	t
ha
t	a
re
		

	
	

	
	

				
				
	di
ffe
re
nt
	Lla
vo
ur
s.	

Qu
es
tio
n	9

:	
To
by
	ha
s	2
0	c
ou
nt
er
s	i
n	a
	ba
g.	

	
	

11
	co
un
ter
s	a
re
	ye
llo
w.
	

	
	

6	c
ou
nt
er
s	a
re
	re
d.	

	
	

3	c
ou
nt
er
s	a
re
	w
hit
e.	

	
	

	
To
by
	ta
ke
s	t
wo
	co
un
ter
s	f
ro
m	
th
e	b
ag
	at
	ra
nd
om

.	

	
	

W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
wo
	co
un
ter
s	a
re
	no

t	t
he
	sa
me

	co
lou

r.	

Qu
es
tio
n	1

0:	
Th
er
e	a
re
	9	
sw
ee
ts	
in	
a	b
ag
.	

	
	

Fiv
e	s
we
ets
	ar
e	p
ur
ple
,	th
re
e	s
we
ets
	ar
e	w

hit
e	a
nd
	on
e	s
we
et	
is	
pin

k.	
	

	
Th
re
e	s
we
ets
	ar
e	s
ele
cte
d	a
t	r
an
do
m	
w
it
ho
ut
	re
pla
ce
me

nt
.	

	
	

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	t
he
	sw

ee
ts	
ar
e	n
ot
	al
l	th

e	s
am

e	c
olo

ur
.	

Qu
es
tio
n	1

1:	
Flo

re
nc
e	h
as
	th
es
e	l
ett
er
	til
es
.	

	
	

Sh
e	p
ick
s	t
hr
ee
	til
es
	at
	ra
nd
om

	w
ith
ou
t	r
ep
lac
em

en
t.	

	
	

(a
)		C

alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
all
	th
re
e	t
im
es
	ar
e	v
ow
els
.	

	
	

(b
)		C

alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
th
er
e	a
re
	no
	vo
we
ls.
	

	
	

(c)
		C
alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
ex
ac
tly
	on
e	T
	is
	ta
ke
n	f
ro
m	
th
e	b
ag
.	

Qu
es
tio
n	1

2:	
Th
er
e	a
re
	11

	le
go
	bl
oc
ks
	in
	a	
ba
g,	
wi
th
	ea
ch
	bl
oc
k	t
he
	sa
me

	si
ze
.	

	
	

Fiv
e	a
re
	re
d	a
nd
	si
x	a
re
	ye
llo
w.
	

	
	

Fo
ur
	bl
oc
ks
	ar
e	s
ele
cte
d	a
t	r
an
do
m.
	

	
	

(a
)		C

alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
all
	th
e	b
loc
ks
	ar
e	y
ell
ow
	

	
	

(b
)		C

alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
at	
lea
st	
3	o
f	t
he
	bl
oc
ks
	ar
e	r
ed
.	
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�
	

Qu
es
tio
n	1

:	
Sa
ma

nt
ha
	ha
s	1
0	p

en
s.	

	
	

7	o
f	t
he
	so
ck
s	a
re
	bl
ue
	an
d	t
he
	re
st	
ar
e	r
ed
.	

	
	

Sa
ma

nt
ha
	ta
ke
s	a
	pe
n	a
t	r
an
do
m	
wi
th
ou
t	r
ep
lac
em

en
t.	

	
	

Sh
e	t
he
n	t
ak
es
	a	
se
co
nd
	pe
n	a
t	r
an
do
m.
	

Sa
ma

nt
ha
	dr
ew
	th
is	
tre
e	d
iag
ra
m.
	

(a
)		W

rit
e	d
ow
n	w

ha
t	is
	w
ro
ng
	w
ith
	th
e	p
ro
ba
bil
iti
es
	

				
				
in	
th
e	t
re
e	d
iag
ra
m.
	

(b
)		C

alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
Sa
ma

nt
ha
	pi
ck
s	

				
				
at	
lea
st	
on
e	r
ed
	pe
n.	

	 Qu
es
tio
n	2

:	
He
re
	ar
e	s
ix	
nu
mb

er
	til
es
.	

	
	

Ch
ar
lie
	ta
ke
s	a
	til
e	a
t	r
an
do
m	
wi
th
ou
t	r
ep
lac
em

en
t.	

	
	

Ch
ar
lie
	th
en
	ta
ke
s	a
	se
co
nd
	til
e	a
t	r
an
do
m.
	

	
	

(a
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
e	b
ot
h	t
ile
s	h
av
e	t
he
	nu

mb
er
	5	
on
	th
em

	

	
	

(b
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	n
um

be
r	o
n	t
he
	se
co
nd
	is
	le
ss
	th
an
	th
e		
	

	
	

				
				
nu
mb

er
	on
	th
e	L
irs
t	t
ile
.	

Qu
es
tio
n	3

:	
Th
er
e	a
re
	20

	pa
ss
en
ge
rs	
on
	a	
co
ac
h.	

	
	

70
%
	of
	th
e	p
as
se
ng
er
s	a
re
	go
ing

	to
	Br
ist
ol.
	

	
	

Th
e	r
es
t	a
re
	go
ing

	to
	Ba

th
.	

	
	

Fo
ur
	pa
ss
en
ge
rs	
ar
e	c
ho
se
n	a
t	r
an
do
m	
to
	co
mp

let
e	a
	su
rv
ey
.	

	
	

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	a
ll	f
ou
r	p
as
se
ng
er
s	a
re
	go
ing

	to
	Ba

th
.	

Qu
es
tio
n	4

:	
Et
ha
n	h

as
	12

	co
ins
.	

	
	

Th
er
e	a
re
	th
re
e	1
0p
	co
ins
	an
d	n

ine
	20

p	c
oin

s.	
	

	
Et
ha
n	c
ho
os
es
	3	
co
ins
	at
	ra
nd
om

.	
	

	
W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
he
	ta
ke
s	e
xa
ctl
y	5
0p
.	

Ap
ply
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Qu
es
tio
n	5

:	
Th
er
e	a
re
	50

	st
ud
en
ts	
in	
Ye
ar
	11

.	
	

	
Ea
ch
	st
ud
en
t	s
tu
die

s	o
ne
	la
ng
ua
ge
.	

	
	

Tw
o	o
f	t
he
se
	st
ud
en
ts	
ar
e	s
ele
cte
d	a
t	r
an
do
m.
	

	
	

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	t
he
	ch
os
en
	st
ud
en
ts	
wi
ll	b
e	a
	fe
ma

le	
stu

dy
ing

		
	

	
Fr
en
ch
	an
d	a
ny
	m
ale
.	

Qu
es
tio
n	6

:	
A	b

ox
	co
nt
ain

s	4
0	p

en
s.	

	
	

30
	of
	th
e	p
en
s	a
re
	bl
ue
	an
d	t
he
	re
st	
ar
e	g
re
en
.	

	
	

On
e	p
en
	is
	ta
ke
n	o
ut
	at
	ra
nd
om

	an
d	r
ep
lac
ed
	by
	Liv
e	o
f	t
he
	ot
he
r	c
olo

ur
.	

	
	

An
ot
he
r	p
en
	is
	ta
ke
n	o
ut
	at
	ra
nd
om

	an
d	r
ep
lac
ed
	by
	Liv
e	o
f	t
he
	ot
he
r	c
olo

ur
.	

	
	

A	L
ina

l	p
en
	is
	ta
ke
n	o
ut
	at
	ra
nd
om

.	

	
	

(a
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
all
	th
re
e	p
en
s	a
re
	gr
ee
n.	

	
	

(b
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
all
	th
re
e	p
en
s	a
re
	th
e	s
am

e	c
olo

ur
.	

	
	

(c)
		W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
all
	th
re
e	p
en
s	a
re
	no

t	t
he
	sa
me

	co
lou

r.	

	 Qu
es
tio
n	7

:	
Jam

ie	
ha
s	s
om

e	c
oin

s.	

	
	

Jam
ie	
ha
s	t
o	p
ay
	60

p	f
or
	a	
ca
r	p
ar
k	t
ick
et.
	

	
	

He
	se
lec
ts	
3	c
oin

s	a
t	r
an
do
m,
	w
ith
ou
t	r
ep
lac
em

en
t,	f
ro
m	
his
	po
ck
et.
	

	
	

W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
he
	ha
s	c
ho
se
n	t
he
	ex
ac
t	p
ric
e	o
f	t
he
	tic
ke
t.	

	 Qu
es
tio
n	8

:	
Re
be
cc
a	h
as
	10

	ca
rd
s,	
ea
ch
	w
ith
	a	
nu
mb

er
	on
	it
.	

	
	

Sh
e	p
ick
s	t
hr
ee
	ca
rd
s	a
t	r
an
do
m,
	w
ith
ou
t	r
ep
lac
em

en
t.	

	
	

Re
be
cc
a	a
dd
s	t
he
	th
re
e	n
um

be
rs	
to
ge
th
er
	to
	ge
t	a
	sc
or
e.	

	
	

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	t
he
	sc
or
e	i
s	a
n	o
dd
	nu

mb
er.
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Purposeful Practice

Page 494

�
   

   
   

   
   
�

!
Co
nd
iti
on
al	
Pr
ob
ab
ilit
y	

Vi
de
o	2
47
	on
	Co
rb
ett
ma

th
s

Qu
es
tio
n	9

:	
Ha
rri
so
n	h

as
	tw

o	b
ag
s,	
ea
ch
	co
nt
ain

ing
	di
sc
s.	

Ba
g	1
	co
nt
ain

s	o
ne
	di
sc
	la
be
lle
d	o
ne
,	tw

o	d
isc
s	l
ab
ell
ed
	tw

o	a
nd
	on
e	d
isc
	la
be
lle
d	t
hr
ee
.	

Ba
g	2
	co
nt
ain

s	o
ne
	di
sc
	la
be
lle
d	o
ne
,	th
re
e	d
isc
s	l
ab
ell
ed
	tw

o	a
nd
	on
e	d
isc
	la
be
lle
d	t
hr
ee
.	

Ha
rri
so
n	c
ho
os
es
	a	
dis
c	a
t	r
an
do
m	
fro
m	
Ba
g	1
.	

If	
th
e	d
isc
	is
	la
be
lle
d	1

,	h
e	p
ut
s	t
he
	di
sc
	in
	Ba

g	2
.	

If	
th
e	d
isc
	is
	no
t	la

be
lle
d	1

,	h
e	d
oe
s	n
ot
	pu

t	t
he
	di
sc
	in
	Ba

g	2
.	

Ha
rri
so
n	t
he
n	c
ho
os
es
	a	
dis
c	a
t	r
an
do
m	
fro
m	
Ba
g	2
.	

Ha
rri
so
n	a
dd
s	t
og
eth

er
	th
e	n
um

be
rs	
fro
m	
th
e	t
wo
	di
sc
s	h
e	s
ele
cte
d	t
o	g
ive
	hi
s	s
co
re
.	

Fin
d	t
he
	pr
ob
ab
ilit
y	o
f	H
ar
ris
on
	sc
or
ing

	4.
	

Qu
es
tio
n	1

0:	
45
	st
ud
en
ts	
we
re
	as
ke
d	i
f	t
he
y	h
av
e	v
isi
ted

	Ca
na
da
,	M
ex
ico
	or
	th
e	U

SA
.	

	
	

11
	st
ud
en
ts	
ha
d	b

ee
n	t
o	C
an
ad
a	

	
	

1	s
tu
de
nt
	ha
d	v
isi
ted

	al
l	th

re
e	c
ou
nt
rie
s	

	
	

2	s
tu
de
nt
s	h
ad
	vi
sit
ed
	Ca
na
da
	an
d	M

ex
ico
	bu

t	n
ot
	th
e	U

SA
.	

	
	

3	s
tu
de
nt
s	h
ad
	vi
sit
ed
	M
ex
ico
	an
d	t
he
	U
SA
.	

	
	

12
	st
ud
en
ts	
ha
d	n

ot
	vi
sit
ed
	an
y	o
f	t
he
	co
un
tri
es
.	

	
	

6	o
ut
	th
e	1
9	s
tu
de
nt
s	w

ho
	ha
d	v
isi
ted

	th
e	U

SA
,	h
ad
	be
en
	to
	at
	le
as
t	o
ne
	of
	th
e		

	
	

ot
he
r	c
ou
nt
rie
s.	

	
	

Tw
o	o
f	t
he
	45

	st
ud
en
ts	
ar
e	c
ho
se
n	a
t	r
an
do
m.
	

	
	

W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
ey
	bo
th
	ha
d	o
nly
	vi
sit
ed
	M
ex
ico
.	

Qu
es
tio
n	1

1:	
Th
er
e	a
re
	x	
ap
ple
s	i
n	a
	cr
ate
.	

	
	

2	o
f	t
he
	ap
ple
s	a
re
	ba
d.	

	
	

	
	

	
Jes
se
	ch
oo
se
s	t
wo
	ap
ple
s	f
ro
m	
th
e	c
ra
te,
	w
ith
ou
t	r
ep
lac
em

en
t.	

	
	

Th
e	p
ro
ba
bil
ity
	th
at	
he
	se
lec
ts	
tw
o	b
ad
	ap
ple
s	i
s		
�
	

	
	

(a
)		P

ro
ve
		�

	
	

	
	

	
(b
)		F

ind
	x,
	th
e	n
um

be
r	o
f	a
pp
les
	in
	th
e	c
ra
te	

	 �
	

1 28

x2
−

x
−

56
=

0

An
sw
er
s
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Page 499

�
   

   
   

   
   
�

!
Tr
ee
	D
iag
ra
ms
	

Vi
de
o	2
52
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

� � Qu
es
tio
n	1

:	
A	f
air
	co
in	
is	
=li
pp
ed
	tw

ice
.	

(a
)			
Fin

d	t
he
	pr
ob
ab
ilit
y	o
f	g
ett
ing

	tw
o	h
ea
ds
	

(b
)			
Fin

d	t
he
	pr
ob
ab
ilit
y	o
f	g
ett
ing

	a	
he
ad
	an
d	t
he
n	a
	ta
il	

(c)
			F
ind

	th
e	p
ro
ba
bil
ity
	of
	ge
tti
ng
	at
	le
as
t	o
ne
	he
ad
	

	 Qu
es
tio
n	2

:	
Ma
tt	
an
d	T

ho
ma

s	e
ac
h	t
ak
e	a
	pe
na
lty
.	

Th
e	p
ro
ba
bil
ity
	th
at	
Ma
tt	
sc
or
es
	is
	0.
6	

Th
e	p
ro
ba
bil
ity
	th
at	
Th
om

as
	sc
or
es
	is
	0.
7	

(a
)			
	Fi
nd
	th
e	p
ro
ba
bil
ity
	of
	bo
th
	bo
ys
	m
iss
ing

	

(b
)			
	Fi
nd
	th
e	p
ro
ba
bil
ity
	of
	on
e	b
oy
	sc
or
ing

	

(c)
				
	Fi
nd
	th
e	p
ro
ba
bil
ity
	of
	at
	le
as
t	o
ne
	bo
y	m

iss
ing

	

Qu
es
tio
n	3

:	
Me
ga
n	a
nd
	Ro

sie
	si
t	t
he
ir	
dr
ivi
ng
	te
sts
.	

Th
e	p
ro
ba
bil
ity
	th
at	
Me
ga
n	p

as
se
s	t
he
	te
st	
is	
0.8
	

Th
e	p
ro
ba
bil
ity
	th
e	R
os
ie	
fai
ls	
th
e	t
es
t	is
	0.
3	

(a
)			
	Co
py
	an
d	c
om

ple
te	
th
e	t
re
e	d
iag
ra
m	

(b
)			
	Fi
nd
	th
e	p
ro
ba
bil
ity
	th
at	
bo
th
	w
om

en
	pa
ss
	

(c)
				
Fin

d	t
he
	pr
ob
ab
ilit
y	t
ha
t	M

eg
an
	fa
ils
	

				
				
	an
d	R

os
ie	
pa
ss
es
	

(d
)			
	Fi
nd
	th
e	p
ro
ba
bil
ity
	th
at	
at	
lea
st	
on
e	w

om
an
	pa
ss
es
	

Ex
am

ple
s

W
or
ko
ut
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Fluency Practice

Page 500

�
   

   
   

   
   
�

!
Tr
ee
	D
iag
ra
ms
	

Vi
de
o	2
52
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

Qu
es
tio
n	4

:	
Ha
rry

	go
es
	to
	an
	ar
ca
de
.	H
e	h
as
	on
e	g
o	o
n	t
he
	Te
dd
y	G

ra
bb
er
	an
d	o
ne
	go
	on
	th
e	

Pe
nn
y	D

ro
p.	

Th
e	p
ro
ba
bil
ity
	th
at	
he
	w
ins
	on
	th
e	T
ed
dy
	Gr
ab
be
r	i
s	⅓

	
Th
e	p
ro
ba
bil
ity
	th
at	
he
	w
ins
	on
	th
e	P
en
ny
	D
ro
p	i
s	⅖

	

(a
)		C

op
y	a
nd
	co
mp

let
e	t
he
	tr
ee
	di
ag
ra
m	

(b
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
Ha
rry

	
				
				
los
es
	on
	th
e	T
ed
dy
	Gr
ab
be
r	a
nd
	

				
				
he
	al
so
	lo
se
s	o
n	t
he
	Pe
nn
y	D

ro
p	

(c)
			W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	

				
				
Ha
rry

	w
ins
	on
	ex
ac
tly
	on
e	m

ac
hin

e	

Qu
es
tio
n	5

:	
Th
er
e	a
re
	5	
lem

on
	an
d	4

	st
ra
wb
er
ry
	sw

ee
ts	
in	
a	b
ag
.	

Ha
ile
y	t
ak
es
	ou
t	a
	sw

ee
t	a
t	r
an
do
m,
	w
rit
es
	do
wn

	its
	=la
vo
ur
	an
d	p

ut
s	i
t	b
ac
k	i
nt
o	t
he
	ba
g.	

Th
en
	H
ail
ey
	ta
ke
s	o
ut
	a	
se
co
nd
	sw

ee
t,	a
t	r
an
do
m,
	an
d	w

rit
es
	do
wn

	its
	=la
vo
ur
.	

(a
)			
Co
py
	an
d	c
om

ple
te	
th
e	t
re
e	d
iag
ra
m	

(b
)			
Fin

d	t
he
	pr
ob
ab
ilit
y	o
f	t
wo
	le
mo

n	s
we
ets
	

(c)
				
Fin

d	t
he
	pr
ob
ab
ilit
y	o
f	o
ne
	of
	ea
ch
	=la
vo
ur
	

(d
)			
	Fi
nd
	th
e	p
ro
ba
bil
ity
	of
	no
	le
mo

n	s
we
ets
	

Qu
es
tio
n	6

:	
Th
e	p
ro
ba
bil
ity
	th
at	
a	b
us
	ar
riv
es
	la
te	
is	
0.1
	

Vi
cto
r	i
s	t
ra
ve
llin

g	b
y	b
us
	on
	M
on
da
y	a
nd
	Tu

es
da
y.	

(a
)
		S
ho
w	
th
is	
inf
or
ma

tio
n	o
n	a
	tr
ee
	di
ag
ra
m	

(b
)			
		C
alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
th
e	b
us
	is
	on
	tim

e	b
ot
h	d

ay
s.	

Qu
es
tio
n	7

:	
Ea
ch
	m
or
nin

g	M
ar
tin
a	a
tte
mp

ts	
a	c
ro
ss
wo
rd
	an
d	a
	Su
do
ku
	

Th
e	p
ro
ba
bil
ity
	th
at	
Ma
rti
na
	su
cc
es
sfu
lly
	co
mp

let
es
	th
e	c
ro
ss
wo
rd
	is
	0.
3	

Th
e	p
ro
ba
bil
ity
	th
at	
Ma
rti
na
	su
cc
es
sfu
lly
	co
mp

let
es
	th
e	S
ud
ok
u	i
s	0
.6	

(a
)
		S
ho
w	
th
is	
inf
or
ma

tio
n	o
n	a
	tr
ee
	di
ag
ra
m	

(b
)			
		W
or
k	o
ut
	th
e	n
um

be
r	o
f	d
ay
s	t
ha
t	M

ar
tin
a	s
uc
ce
ss
fu
lly
	co
mp

let
es
	bo
th
	th
e	c
ro
ss
wo
rd
				
	

				
				
			a
nd
	Su
do
ku
	ov
er
	a	
pe
rio
d	o
f	2
00
	da
ys
.	
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Purposeful Practice

Page 501

�
   

   
   

   
   
�

!
Tr
ee
	D
iag
ra
ms
	

Vi
de
o	2
52
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

� Qu
es
tio
n	1

:	
Ti
mo

th
y	i
s	t
ak
ing

	pa
rt	
in	
an
	ar
ch
er
y	c
om

pe
tit
ion

.	

Th
e	p
ro
ba
bil
ity
	of
	w
ind

y	w
ea
th
er
	is
	0.
2	

If	
it	i
s	w

ind
y,	
th
e	p
ro
ba
bil
ity
	of
	Ti
mo

th
y	h
itt
ing

	th
e	t
ar
ge
t	is
	0.
35
	

If	
it	i
s	n
ot
	w
ind

y,	
th
e	p
ro
ba
bil
ity
	of
	Ti
mo

th
y	h
itt
ing

	th
e	t
ar
ge
t	is
	0.
8	

(a
)
		D
ra
w	
a	t
re
e	d
iag
ra
m	
to
	sh
ow
	th
is	
inf
or
ma

tio
n	

	 (b
)			
		F
ind

	th
e	p
ro
ba
bil
ity
	of
	Ti
mo

th
y	h
itt
ing

	th
e	t
ar
ge
t.	

Qu
es
tio
n	2

:	
A	f
oo
tb
all
	te
am

	ha
s	t
wo
	m
atc
he
s	t
o	p
lay
.	

Th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
ea
m	
wi
ns
	is
	0.
3	

Th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
ea
m	
dr
aw
s	i
s	0
.5	

A	w
in	
is	
wo
rth
	3	
po
int
s,	
a	d
ra
w	
1	p

oin
t	a
nd
	a	
los
s	0
	po
int
s.	

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	t
he
	te
am

	w
ill	
sc
or
e	a
t	le

as
t	3
	po
int
s		

ov
er
	th
e	t
wo
	m
atc
he
s.	

	 Qu
es
tio
n	3

:	
Sh
ow
n	i
s	a
	sp
inn

er.
	

Th
e	p
ro
ba
bil
ity
	of
	a	
1	i
s	3
x	

Th
e	p
ro
ba
bil
ity
	of
	a	
2	i
s	x
	

Th
e	p
ro
ba
bil
ity
	of
	a	
3	i
s	4
x	

(a
)
	Ca
lcu
lat
e	t
he
	va
lue
	of
	x	

Th
e	s
pin

ne
r	i
s	s
pu
n	t
wi
ce
	an
d	t
he
	sc
or
es
	ar
e	m

ult
ipl
ied

	to
ge
th
er.
	

(b
)			
W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	=
ina

l	s
co
re
	is
	od
d.	

Qu
es
tio
n	4

:	
Fr
ed
die

	an
d	M

ar
th
a	h
av
e	d
en
tis
t	a
pp
oin

tm
en
ts.
	

Th
e	p
ro
ba
bil
ity
	th
at	
Fr
ed
die

	is
	on
	tim

e	t
o	h
is	
ap
po
int
me

nt
	is
	0.
9	

Th
e	p
ro
ba
bil
ity
	th
at	
bo
th
	Fr
ed
die

	an
d	M

ar
th
a	a
re
	on
	tim

e	t
o	t
he
ir	
ap
po
int
me

nt
s	i
s	0
.72
	

(a
)		D

ra
w	
a	t
re
e	d
iag
ra
m	
for
	th
is	
inf
or
ma

tio
n	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
bo
th
	pe
op
le	
ar
e	l
ate
	fo
r	t
he
ir	
ap
po
int
me

nt
s	

Ap
ply
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�
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!
Tr
ee
	D
iag
ra
ms
	

Vi
de
o	2
52
	on
	w
ww

.co
rb
ett
ma

th
s.c
om

Qu
es
tio
n	5

:	
A	c
oll
eg
e	c
ou
rse

	co
ns
ist
s	o
f	8
	w
ee
ks
	of
	te
ac
hin

g	w
ith
	a	
=in
al	
ex
am

	at
	th
e	e
nd
	of
		

	
th
e	c
ou
rse

	

If	
a	s
tu
de
nt
	fa
ils
	th
e	=
ina

l	e
xa
m,
	th
ey
	ha
ve
	on
e	o
pp
or
tu
nit
y	t
o	r
eta
ke
	th
e	e
xa
m.
	

Th
e	p
ro
ba
bil
ity
	of
	a	
stu

de
nt
	pa
ss
ing

	th
e	=
ina

l	e
xa
m	
is	
⅞
	

Th
e	p
ro
ba
bil
ity
	of
	a	
stu

de
nt
	pa
ss
ing

	th
e	r
eta
ke
	is
	⅔
	

(a
)
		C
om

ple
te	
th
e	t
re
e	d
iag
ra
m	

If	
a	s
tu
de
nt
	pa
ss
es
	th
e	=
ina

l	e
xa
m	
or
	re
tak

e,	
	

th
ey
	re
ce
ive
	a	
ce
rti
=ic
ate
.	

(b
)			
		W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
a	s
tu
de
nt
	re
ce
ive
s	a
	ce
rti
=ic
ate
.	

Qu
es
tio
n	6

:	
Th
er
e	a
re
	10

	co
un
ter
s	i
n	a
	ba
g,	
7	a
re
	gr
ee
n	a
nd
	th
e	r
es
t	o
f	w
hit
e.	

Er
in	
tak

es
	ou
t	a
	co
un
ter
	at
	ra
nd
om

	an
d	r
ec
or
ds
	its
	co
lou

r.	
W
ith
ou
t	r
ep
lac
em

en
t,	E

rin
	ta
ke
s	o
ut
	an
ot
he
r	c
ou
nt
er,
	at
	ra
nd
om

.	

(a
)			
Co
mp

let
e	t
he
	tr
ee
	di
ag
ra
m	

(b
)			
Fin

d	t
he
	pr
ob
ab
ilit
y	t
ha
t	b
ot
h	c
ou
nt
er
s	

				
				
	ar
e	d
iff
er
en
t	c
olo

ur
s	

(c)
				
Fin

d	t
he
	pr
ob
ab
ilit
y	t
ha
t	b
ot
h	c
ou
nt
er
s	

				
				
	ar
e	t
he
	sa
me

	co
lou

r	

Qu
es
tio
n	7

:	
Jen

so
n	i
s	g
oin

g	t
o	c
ho
os
e	a
	ba
ll	a
t	r
an
do
m	
fro
m	
a	b
ag
	an
d	t
he
n	=
lip
	a	
co
in.
	

Th
er
e	a
re
	5	
ba
lls
	in
	th
e	b
ag
,	2
	w
hit
e	a
nd
	3	
bla
ck
.	

A	b
all
	is
	pi
ck
ed
	at
	ra
nd
om

	fr
om

	th
e	b
ag
	an
d	i
ts	
co
lou

r	i
s	r
ec
or
de
d.	

If	
th
e	b
all
	is
	w
hit
e,	
a	f
air
	co
in	
is	
=li
pp
ed
.	

If	
th
e	b
all
	is
	bl
ac
k,	
a	b
ias
ed
	co
in	
is	
=li
pp
ed
,	w
he
re
	he
ad
s	h
as
	a	
pr
ob
ab
ilit
y	o
f	⅞

	

(a
)
		D
ra
w	
a	t
re
e	d
iag
ra
m	
to
	sh
ow
	th
is	
inf
or
ma

tio
n	

Jen
so
n	s
ele
cts
	a	
ba
ll	a
nd
	=li
ps
	th
e	a
pp
ro
pr
iat
e	c
oin

.	

(b
)			
		F
ind

	th
e	p
ro
ba
bil
ity
	th
at	
he
	ob
tai
ns
	a	
tai
l.	
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�                �

! Tree	Diagrams	
Video	252	on	www.corbettmaths.com

Question	8:	 There	are	x	apples	in	a	crate.	
	 	 3	of	the	apples	are	bad.	
	
Robert	chooses	two	apples	from	the	crate,	without	replacement	
The	probability	that	he	selects	two	bad	apples	is	1/12	

(a)		Using	the	tree	diagram,	prove		x²	−	x	−	72	=	0	

(b)			Find	the	number	of	apples	in	the	crate,	x.	

(c)			Find	the	probability	that	both	apples	are	good	

							
	

�
Answers
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�

!
In
de
pe
nd
en
t	E
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s	

Vi
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o	2
49
	on
	Co
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ma

th
s

� � 	 Qu
es
tio
n	1

:	
A	f
air
	co
in	
is	
>li
pp
ed
	tw

ice
.	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	c
oin

	la
nd
s	o
n	h

ea
ds
	tw

ice
.	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	c
oin

	la
nd
s	o
n	t
ail
s	t
wi
ce
.	

	
	

(c)
		F
ind

	th
e	p
ro
ba
bil
ity
	th
at	
th
e	c
oin

	la
nd
s	o
n	h

ea
ds
	ex
ac
tly
	on
ce
.	

Qu
es
tio
n	2

:	
Pe
ne
lop

e	i
s	p
lay
ing

	fo
ot
ba
ll.	

	
	

W
he
n	a
tte
mp

tin
g	t
o	s
co
re
	a	
pe
na
lty
,	th
e	p
ro
ba
bil
ity
	sh
e	s
co
re
s	i
s		
�	

Du
rin
g	t
he
	ga
me

,	P
en
elo
pe
	ta
ke
s	t
wo
	pe
na
lti
es
.	

	
	

Fin
d	t
he
	pr
ob
ab
ilit
y	t
ha
t	P
en
elo
pe
	sc
or
es
	bo
th
.	

Qu
es
tio
n	3

:	
Tr
ev
or
	is
	ta
kin

g	p
ar
t	in

	a	
qu
iz.
	

	
	

Th
e	p
ro
ba
bil
ity
	th
at	
he
	an
sw
er
	a	
qu
es
tio
n	c
or
re
ctl
y	i
s		
�

Tr
ev
or
	is
	as
ke
d	t
wo
	qu

es
tio
ns
.	

	
	

	
	

	
(a
)		C

alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
Tr
ev
or
	an
sw
er
s	b
ot
h	q

ue
sti
on
s	c
or
re
ctl
y.	

	
	

(b
)		C

alc
ula
te	
th
e	p
ro
ba
bil
ity
	th
at	
Tr
ev
or
	an
sw
er
s	b
ot
h	q

ue
sti
on
s	i
nc
or
re
ctl
y.

Qu
es
tio
n	4

:	
Da
isy
	ha
s	a
	bi
as
ed
	sp
inn

er.
	

	
	

Th
e	p
ro
ba
bil
ity
	of
	ea
ch
	co
lou

r	i
s:	

	
	

Da
isy
	sp
ins
	th
e	s
pin

ne
r	t
wi
ce
.	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	th
e	s
pin

ne
r	l
an
din

g	o
n	w

hit
e	t
wi
ce
.	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	th
e	s
pin

ne
r	l
an
din

g	o
n	b

lac
k	a
nd
	th
en
	br
ow
n.	

	
	

(c)
			F
ind

	th
e	p
ro
ba
bil
ity
	of
	th
e	s
pin

ne
r	l
an
din

g	o
n	t
he
	sa
me

	co
lou

r	i
n	b

ot
h	s
pin

s.	

Qu
es
tio
n	5

:	
A	f
air
	si
x	s
ide

d	d
ice
	is
	ro
lle
d	t
hr
ee
	tim

es
.	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	ge
tti
ng
	a	
tw
o	a
ll	t
hr
ee
	tim

es
.	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	ge
tti
ng
	no
	tw

os
	

Ex
am

ple
s

W
or
ko
ut

2 3

3 5
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Qu
es
tio
n	6

:	
Ma
rk
	is
	pl
ay
ing

	da
rts
.	

	
	

Th
e	p
ro
ba
bil
ity
	he
	hi
ts	
th
e	b
ull
se
ye
	is
	0.
4	

	
	

Ma
rk
	th
ro
ws
	tw

o	d
ar
ts	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	M
ar
k	h
itt
ing

	th
e	b
ull
se
ye
	on
ce
.	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	M
ar
k	h
itt
ing

	th
e	b
ull
se
ye
	at
	le
as
t	o
nc
e.	

Qu
es
tio
n	7

:	
A	b

ag
	co
nt
ain

s	>
ive
	ye
llo
w	
sw
ee
ts,
	th
re
e	g
re
en
	sw

ee
ts	
an
d	o
ne
	pu

rp
le	
sw
ee
t.	

	
	

A	s
we
et	
is	
tak

en
	ou
t	o
f	t
he
	ba
g	a
nd
	re
pla
ce
d.	

	
	

An
ot
he
r	s
we
et	
is	
tak

en
	ou
t.	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
bo
th
	sw

ee
ts	
ar
e	y
ell
ow
.	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	of
	ne
ith
er
	sw

ee
t	is
	gr
ee
n.	

	
	

(c)
		F
ind

	th
e	p
ro
ba
bil
ity
	th
at	
th
e	t
wo
	sw

ee
ts	
ar
e	d
iff
er
en
t	c
olo

ur
s.	

Qu
es
tio
n	8

:	
Th
e	p
ro
ba
bil
ity
	of
	a	
bu
s	b
ein

g	o
n	t
im
e	i
s		
�	

	
	

Ar
ch
ie	
ca
tch

es
	th
e	b
us
	to
	w
or
k	t
hr
ee
	tim

es
	ea
ch
	w
ee
k.	

	
	

(a
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	b
us
	is
	la
te	
ev
er
y	t
im
e.	

	
	

(b
)		W

or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	b
us
	is
	on
	tim

e	e
ve
ry
	tim

e.	
	

	
(c)
		W
or
k	o
ut
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	b
us
	is
	la
te	
ex
ac
tly
	on
ce
.	

Qu
es
tio
n	9

:	
Jac
ks
on
,	F
re
de
ric
k	a
nd
	Ke
lvi
n	e
ac
h	s
it	a

	te
st.
	

	
	

Th
e	p
ro
ba
bil
ity
	Ja
ck
so
n	p

as
se
s	i
s		
�
		

	
	

Th
e	p
ro
ba
bil
ity
	Fr
ed
er
ick
	pa
ss
es
	is
		�
	

	
	

Th
e	p
ro
ba
bil
ity
	Ke
lvi
n	p

as
se
s	i
s		
�	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
Jac
ks
on
	an
d	K

elv
in	
pa
ss
,	b
ut
	Fr
ed
ric
k	f
ail
s.	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
Fr
ed
er
ick
	pa
ss
es
,	b
ut
	Ja
ck
so
n	a
nd
	Ke
lvi
n	f
ail
.	

	
	

(c)
			F
ind

	th
e	p
ro
ba
bil
ity
	th
at	
at	
lea
st	
tw
o	b
oy
s	p
as
s.	

Qu
es
tio
n	1

0:	
Th
e	p
ro
ba
bil
ity
	th
at	
Dy
lan

	re
ad
s	a
t	n
igh
t	is
	�	

	
	

Ca
lcu
lat
e	t
he
	pr
ob
ab
ilit
y	t
ha
t	D
yla
n	r
ea
ds
	ev
er
y	n
igh

t	in
	on
e	w

ee
k.	

3 4

9 10
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1 2
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	Co
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th
s

� Qu
es
tio
n	1

:		
Am

eli
a	i
s	o
rg
an
isi
ng
	a	
ga
me

	fo
r	a
	ch
ar
ity
	fê
te.
	

	
	

Sh
e	h
as
	pu

t	1
	or
an
ge
,	1
	pi
nk
,	1
	gr
ee
n	a
nd
	2	
ye
llo
w	
co
un
ter
s	i
nt
o	a
	ba
g.	

	
	

To
	pl
ay
,	e
ac
h	p

er
so
n	w

ill	
pa
y	£
1	a
nd
	ta
ke
	ou
t	a
	co
un
ter
	at
	ra
nd
om

.	
	

	
Th
ey
	w
ill	
th
en
	re
pla
ce
	th
e	c
ou
nt
er
	an
d	t
he
n	t
ak
e	a
	se
co
nd
	co
un
ter
	at
	ra
nd
om

.	
	

	
	

Th
e	p
er
so
n	w

ill	
wi
n	£
2.5
0	i
f	b
ot
h	c
ou
nt
er
s	a
re
	th
e	s
am

e	c
olo

ur
.	

	
	

	
	

	
Am

eli
a	e
xp
ec
ts	
20
0	p

eo
ple
	to
	pl
ay
	th
e	g
am

e.	
	

	
		

	
	

Ho
w	
mu

ch
	m
on
ey
	w
ou
ld	
Am

eli
a	e
xp
ec
t	t
o	r
ais
e	f
or
	ch
ar
ity
?	

Qu
es
tio
n	2

:	
Th
er
e	a
re
12
	til
es
	in
	a	
ba
g,	
ea
ch
	w
ith
	a	
let
ter
	w
rit
ten

	on
	it
.		

	
	

A	t
ile
	is
	se
lec
ted

	at
	ra
nd
om

	an
d	t
he
n	r
ep
lac
ed
.	

	
	

An
ot
he
r	t
ile
	is
	th
en
	se
lec
ted

.	

	
	

Fin
d	t
he
	pr
ob
ab
ilit
y	t
ha
t	b
ot
h	t
ile
s	h
av
e	d
iff
er
en
t	le

tte
rs	
on
	th
em

.	
	 Qu
es
tio
n	3

:	
A	f
air
	sp
inn

er
	ha
s	f
ou
r	s
ec
tio
ns
.	

	
	

Th
e	s
pin

ne
r	i
s	s
pu
n	t
hr
ee
	tim

es
.	

	
	

Th
e	t
hr
ee
	nu

mb
er
s	a
re
	ad
de
d	t
og
eth

er
	to
	gi
ve
	a	
sc
or
e.	

	
	

(a
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	s
co
re
	is
	od
d.	

	
	

(b
)		F

ind
	th
e	p
ro
ba
bil
ity
	th
at	
th
e	s
co
re
	is
	gr
ea
ter
	th
an
	3.
	

Qu
es
tio
n	4

:	
To
m	
an
d	B

en
	si
t	t
he
ir	
dr
ivi
ng
	te
st.
	

	
	

Th
e	p
ro
ba
bil
ity
	To
m	
pa
ss
es
	is
	0.
4	

	
	

Th
e	p
ro
ba
bil
ity
	th
at	
on
ly	
on
e	m

an
	pa
ss
es
	is
	0.
56
	

	
	

Fin
d	t
he
	pr
ob
ab
ilit
y	t
he
y	b
ot
h	f
ail
.	

�
	

Ap
ply

An
sw
er
s
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C
om

b
in

ed
 I

n
d

ep
en

d
en

t 
Ev

en
ts

 

 (a
) 

Ja
sm

in
e 

th
ro

w
s 

a 
fa

ir
 c

oi
n 

tw
ic

e.
 F

in
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

it 
la

nd
s 

on
 h

ea
ds

 b
ot

h 
tim

es
. 

(b
) 

A
rt

hu
r 

ro
lls

 a
 f
ai

r 
di

ce
 t

w
ic

e.
 F

in
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

he
 r

ol
ls

 a
 6

 b
ot

h 
tim

es
. 

(c
) 

Lu
cy

 t
hr

ow
s 

a 
fa

ir
 c

oi
n 

on
ce

 t
he

n 
ro

lls
 

a 
fa

ir
 d

ic
e 

on
e.

 F
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
co

in
 la

nd
s 

on
 t

ai
ls

 a
nd

 s
he

 r
ol

ls
 a

 5
 o

n 
th

e 
di

ce
. 

 

(d
) 

M
o 

ro
lls

 a
 f
ai

r 
di

ce
 t

w
ic

e.
 F

in
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

it 
la

nd
s 

on
 a

n 
od

d 
nu

m
be

r 
bo

th
 t

im
es

. 
 (a

) 
Th

e 
pr

ob
ab

ili
ty

 t
ha

t 
a 

bi
as

ed
 c

oi
n 

la
nd

s 
on

 h
ea

ds
 is

 2 3 . 
Fa

tim
a 

th
ro

w
s 

th
e 

co
in

 t
w

ic
e.

 F
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
it 

la
nd

s 
on

 h
ea

ds
 b

ot
h 

tim
es

. 
 

(b
) 

Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

a 
bi

as
ed

 c
oi

n 
la

nd
s 

on
 t

ai
ls

 is
 0

.7
5.

 M
in

ah
il 

th
ro

w
s 

th
e 

co
in

 t
w

ic
e.

 F
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
it 

la
nd

s 
on

 h
ea

ds
 o

n 
th

e 
fir

st
 t

hr
ow

 a
nd

 t
ai

ls
 

on
 t

he
 s

ec
on

d 
th

ro
w

.  
 (a

) 
O

sc
ar

 r
ol

ls
 a

 f
ai

r 
di

ce
 t

hr
ee

 t
im

es
 in

 a
 

ro
w

. 
Fi

nd
 t

he
 p

ro
ba

bi
lit

y 
th

at
 t

he
 d

ic
e 

la
nd

s 
on

 a
 4

 o
n 

al
l t

hr
ee

 r
ol

ls
. 

(b
) 

Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

a 
bi

as
ed

 c
oi

n 
la

nd
s 

on
 h

ea
ds

 is
 0

.6
 . 

A
le

x 
th

ro
w

s 
th

e 
bi

as
ed

 c
oi

n 
th

re
e 

tim
es

. 
Fi

nd
 t

he
 

pr
ob

ab
ili

ty
 t

ha
t 

th
e 

co
in

 la
nd

s 
on

 h
ea

ds
 

fo
r 

th
e 

fir
st

 t
w

o 
th

ro
w

s 
an

d 
ta

ils
 f
or

 t
he

 
th

ir
d 

th
ro

w
. 

 (a
) 

D
um

i t
hr

ow
s 

a 
bi

as
ed

 c
oi

n 
tw

ic
e.

 T
he

 
pr

ob
ab

ili
ty

 t
ha

t 
it 

la
nd

s 
on

 h
ea

ds
 t

w
ic

e 
is

 
49 10

0. 
Fi

nd
 t

he
 p

ro
ba

bi
lit

y 
th

at
 it

 la
nd

s 
on

 

he
ad

s 
if 

th
e 

co
in

 is
 t

hr
ow

n 
on

ce
. 

(b
) 

G
er

ai
nt

 t
hr

ow
s 

a 
bi

as
ed

 c
oi

n 
th

re
e 

tim
es

. 
Th

e 
pr

ob
ab

ili
ty

 t
ha

t 
it 

la
nd

s 
on

 

he
ad

s 
al

l t
hr

ee
 t

im
es

 is
 

8 12
5 .

 F
in

d 
th

e 

pr
ob

ab
ili

ty
 t

ha
t 

it 
la

nd
s 

on
 t

ai
ls

 a
ll 

th
re

e 
tim

es
. 

C
om

b
in

ed
 I

n
d

ep
en

d
en

t 
Ev

en
ts

 

 (a
) 

Ja
sm

in
e 

th
ro

w
s 

a 
fa

ir
 c

oi
n 

tw
ic

e.
 F

in
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

it 
la

nd
s 

on
 h

ea
ds

 b
ot

h 
tim

es
. 

(b
) 

A
rt

hu
r 

ro
lls

 a
 f
ai

r 
di

ce
 t

w
ic

e.
 F

in
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

he
 r

ol
ls

 a
 6

 b
ot

h 
tim

es
. 

(c
) 

Lu
cy

 t
hr

ow
s 

a 
fa

ir
 c

oi
n 

on
ce

 t
he

n 
ro

lls
 

a 
fa

ir
 d

ic
e 

on
e.

 F
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
th

e 
co

in
 la

nd
s 

on
 t

ai
ls

 a
nd

 s
he

 r
ol

ls
 a

 5
 o

n 
th

e 
di

ce
. 

 

(d
) 

M
o 

ro
lls

 a
 f
ai

r 
di

ce
 t

w
ic

e.
 F

in
d 

th
e 

pr
ob

ab
ili

ty
 t

ha
t 

it 
la

nd
s 

on
 a

n 
od

d 
nu

m
be

r 
bo

th
 t

im
es

. 
 (a

) 
Th

e 
pr

ob
ab

ili
ty

 t
ha

t 
a 

bi
as

ed
 c

oi
n 

la
nd

s 
on

 h
ea

ds
 is

 2 3 . 
Fa

tim
a 

th
ro

w
s 

th
e 

co
in

 t
w

ic
e.

 F
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
it 

la
nd

s 
on

 h
ea

ds
 b

ot
h 

tim
es

. 
 

(b
) 

Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

a 
bi

as
ed

 c
oi

n 
la

nd
s 

on
 t

ai
ls

 is
 0

.7
5.

 M
in

ah
il 

th
ro

w
s 

th
e 

co
in

 t
w

ic
e.

 F
in

d 
th

e 
pr

ob
ab

ili
ty

 t
ha

t 
it 

la
nd

s 
on

 h
ea

ds
 o

n 
th

e 
fir

st
 t

hr
ow

 a
nd

 t
ai

ls
 

on
 t

he
 s

ec
on

d 
th

ro
w

.  
 (a

) 
O

sc
ar

 r
ol

ls
 a

 f
ai

r 
di

ce
 t

hr
ee

 t
im

es
 in

 a
 

ro
w

. 
Fi

nd
 t

he
 p

ro
ba

bi
lit

y 
th

at
 t

he
 d

ic
e 

la
nd

s 
on

 a
 4

 o
n 

al
l t

hr
ee

 r
ol

ls
. 

(b
) 

Th
e 

pr
ob

ab
ili

ty
 t

ha
t 

a 
bi

as
ed

 c
oi

n 
la

nd
s 

on
 h

ea
ds

 is
 0

.6
 . 

A
le

x 
th

ro
w

s 
th

e 
bi

as
ed

 c
oi

n 
th

re
e 

tim
es

. 
Fi

nd
 t

he
 

pr
ob

ab
ili

ty
 t

ha
t 

th
e 

co
in

 la
nd

s 
on

 h
ea

ds
 

fo
r 

th
e 

fir
st

 t
w

o 
th

ro
w

s 
an

d 
ta

ils
 f
or

 t
he
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b
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h
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1 3
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e
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h
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g.
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11. A pack of seeds tells me that each seed has a 2
3 chance of flowering (independent of each

other).

(a) If I plant three seeds, what is that probability that two of them flower? 4
9

(b) If I plant six seeds, what is the probability that four of them flower? [Here you don’t
want to draw the tree diagram, but visualise it and try to count the number of routes
through the diagram with the desired properties.] 80

243

12. There are r red beads and b blue beads in a bag. Two beads are taken from the bag with
replacement. The probability they are both di↵erent colours is 12

25 . Find
b
r .

b
r = 2

3 or b
r = 3

2

2 J.M.Stone
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Frequency Trees

37

34

43

96

Saturday

Sunday

fastpass

ordinary

fastpass

ordinary

Probability Trees: Unconditional

P(A ticket was bought on Saturday) = 
P(A ticket on Sunday was a fastpass) = 

Probability Trees: Conditional

2C)  P(Sophie wins her first tennis match) = 0.7
If she wins that match, the probability she wins 
her next match is 0.8 If she loses, that 
probability changes to 0.4

1C)  10 cards are numbered 1-10. 
Two cards are picked simultaneously. 

P(2 sixes) =
P(Exactly one six) =
P(1 or more sixes) = 

1B)  A dice is rolled twice.1A)  A theme park recorded ticket sales on the 
weekend & whether it was upgraded to a fastpass.

6

X

6

X

6

X

O

E

O

E

O

E

28

154

Art

pass

Music
60

46

36

13

Drama

fail

pass

fail

pass

fail

1
6

1
6

2A)  Ms Doolittle recorded end-of-year results 
for Art, Drama & Music.

P(Wins then loses) = 
P(Wins or loses both) =
P(Wins at least 1) =

Did a greater proportion of Art students pass 
compared to Music students?
P(A student failed) = 
P(A passing student took Drama) = 

P(Both odd numbers) =
P(1 odd number & 1 even number) =
P(Both odd, or both even) =

P(They both pass) =
P(Only one passes) =
P(They get the same result) = 

Pass

F

Pass

F

P

F

5
9

4
7

2B)  Amir & Jo will both take a driving test.

Amir Jo
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triangle

square

grey

white

grey

white

grey

white

grey

white

white

3

2

circle

hexagon

white

black

white

black
hexagon

circle

hexagon

hexagon

35

8

2

black

grey

pentagon

triangle

pentagon

triangle

P

T

P

T

P

T

Complete the frequency & tree diagrams (2 shapes are picked with replacement).①

②

③

grey

circle

circle

0.8

P(grey shape then
grey shape) = 

P(two different shapes) = 

P(at least one pentagon) = 

7
12
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On her first pick, what is the probability Mary picks a white triangle?

triangle

square

black

white

black

white

Here is a box of shapes. a) Complete the frequency tree for 
the group of shapes.

1st pick

triangle

2nd pick

square

triangle

Outcome
Probabilities

square

triangle

square

Mary picks a 
shape at random, 

records it & replaces it.

Using the diagrams…

b) Complete the probability tree to show the
probabilities if Mary picks a shape, replaces it, then picks another.

What is the probability Mary picks a square, then picks another square?

What is the probability Tim picks…

triangle

square

grey

white

grey

white

square

triangle

Tim picks & replaces shapes
from this box.

Complete the frequency tree &
probability tree diagram.

…a white shape?

…two triangles in a row? 

…two squares in a row? 

…two of the same shape? 

…a grey square?

① ②
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What is P(2 white shapes are picked)?

3

8

3

triangle

square

grey

white

grey

white

Complete this frequency tree for a group of 20 shapes.

grey

white

grey

white

grey

white

A shape is picked from the group and replaced before another is picked.
Complete this tree diagram.

What is the probability a grey shape is picked before a white shape is picked?

Complete both
tree diagrams.

…a black shape?

…a black shape then a square?

…a grey shape then a square?

…a square, given the shape picked is grey?

…a black triangle?

③ ④

What is the % probability
a grey square is picked 
randomly from the group?

What is
P(a grey shape is picked)?

A square has been picked, 
what is the probability it is grey?

black

1
3 triangle

What is P(2 shapes of the same colour)?

What is the probability a grey square is picked, then a white triangle is picked?

Sue randomly picks & replaces from a group of 30 shapes.
For her first pick she records the colour.
For her second pick she records the type.

6

5

triangle

square
grey

…a triangle given the shape picked before was black?

What is the probability Sue picks…

grey
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① ② ③ ④

⑤ ⑥ ⑦

⑧ ⑨

Multiple Event Probabilities: A

For a £4.49 ‘Meal Deal’ you can choose 1 drink, 1 main & 1 desert.

4

1
2 5
3 This is a

fair spinner.

What is the percentage probability the
arrow lands on 1 or on 4?

4

1
2 5
3

These are fair spinners.

If both spinners are spun, 
what is the probability the

results are 2 & E ?

F

C

E

B D

A

These are fair spinners.

If both spinners are spun, what is…

2

3

2

2 1

1

C
C

B
DCA

B
D

P(1 & A)?

P(2 & C)?

On a fair dice, what is the probability 
two sixes are rolled in a row?

What is the probability 
two ones are rolled in a row?

What is the probability someone 
rolls two sixes or 
two ones in a row?

Drink Main Desert

Soda Pie Ice Cream

Juice Roll Cake

Curry

A customer is chosen at random. By listing all the 
different possible ‘Meal Deals’ someone can order, 
what is the probability the customer has 
chosen ‘Juice-Pie-Cake’?

A phone’s security code is 4 digits long.

X X X X

By choosing 4 digits randomly. 
what is the probability someone can

guess the code in one try?

A car company gives each car an
individual code using a letter and 2 digits.

For example, D-78

How many cars can be produced before 
the code needs to be expanded? 

1 2 3

2 6

3

4

5

1st Spinner

2nd
Sp

in
ne

r

These two fair spinners are spun and
their scores are multiplied. What is the probability

the final score is 6?

What is…

P(even)?

P(above 7)?

Kim has 2 sets of cards. The first set has the first 4 prime numbers on them.
The second set has the first 3 positive square numbers on them. 
Kim takes one card from each set and sums the two numbers. 
What is the probability the total is prime?
What is the probability the total is even or less than 6?
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① ② ③ ④

⑤ ⑥ ⑦

⑧ ⑨ ⑩

4

1
2 5

3

These are fair spinners.

If both spinners are spun, 
what is the probability the

results are 1 & A ?

A

C

E

B D

A

Multiple Event Probabilities: B

1 3
2

31
2

4

1
2 5

3

This fair spinner is spun twice & 
the two scores are added.

What is the probability 
the score is exactly 8?

4
3

4
424

4
1

These are fair spinners.

Both spinners are spun & their scores are
multiplied. What is the probability the

total is 12?

A bag contains 4 red disks, 
3 black disks & 3 white disks.

Three times a disk is chosen at random &
then replaced.
What is the probability…

….3 red disks are chosen?

….3 disks of the same colour are chosen?

8 players are on a basketball squad.
Only 5 players play at once.

How many different options does 
the manager have when choosing the

first 5 players to play?

A shoe company offers:
5 fabric colours, 4 sole colours &

7 colours for the laces. 

How many different shoe
colour combinations are there?

A credit card PIN is 4 digits long.

X X X X

Bo knows the PIN is odd,
he knows it starts with 

a positive even digit,
he knows it does not contain any zeros.

What is the probability Bo
guesses the PIN correctly?

1 2 3 4

2

3

4

5

1st Spinner

2nd
Sp

in
ne

r

These two fair spinners are spun and
their scores are added.

What is the probability
the final score is 7?

What is…

P(prime)?

P(less than 6)?

How many ways can we 
arrange these 6 cards?

A B C D E F

If we pick 3 cards at random,
what is the probability we pick the

cards showing A & B & C?

A bag contains 6 green disks, 5 blue disks & 3 pink disks.
2 disks are taken at random.
What is the probability at least one blue disk is picked?

Complete the sample space.
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, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 w
ee

k 
la

te
r 2

0 
ph

ea
sa

nt
s a

re
 ca

ug
ht

 a
nd

 2
 a

re
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 E

st
im

at
e 

th
e 

nu
m

be
r o

f p
he

as
an

ts
 in

 th
e 

pa
rk

11
)

In
 a

 w
ild

lif
e 

pa
rk

, 3
1 

ra
bb

its
 a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 

w
ee

k 
la

te
r 3

0 
ra

bb
its

 a
re

 ca
ug

ht
 a

nd
 1

 is
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 

Es
tim

at
e 

th
e 

nu
m

be
r o

f r
ab

bi
ts

 in
 th

e 
pa

rk

12
)

In
 a

 w
ild

lif
e 

pa
rk

, 1
3 

ph
ea

sa
nt

s a
re

 ca
ug

ht
, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 w
ee

k 
la

te
r 2

0 
ph

ea
sa

nt
s a

re
 ca

ug
ht

 a
nd

 1
 is

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 E
st

im
at

e 
th

e 
nu

m
be

r o
f p

he
as

an
ts

 in
 th

e 
pa

rk

13
)

In
 a

 w
ild

lif
e 

pa
rk

, 6
 fi

sh
 a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 w

ee
k 

la
te

r 1
0 

fis
h 

ar
e 

ca
ug

ht
 a

nd
 2

 a
re

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 E
st

im
at

e 
th

e 
nu

m
be

r o
f f

ish
 in

 th
e 

pa
rk

14
)

In
 a

 w
ild

lif
e 

pa
rk

, 2
0 

ba
dg

er
s a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 w

ee
k 

la
te

r 2
0 

ba
dg

er
s a

re
 ca

ug
ht

 a
nd

 4
 a

re
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 E

st
im

at
e 

th
e 

nu
m

be
r o

f b
ad

ge
rs

 in
 th

e 
pa

rk

15
)

In
 a

 w
ild

lif
e 

pa
rk

, 1
00

 d
ee

r a
re

 ca
ug

ht
, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 
w

ee
k 

la
te

r 4
0 

de
er

 a
re

 ca
ug

ht
 a

nd
 5

 a
re

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 
Es

tim
at

e 
th

e 
nu

m
be

r o
f d

ee
r i

n 
th

e 
pa

rk

16
)

In
 a

 w
ild

lif
e 

pa
rk

, 2
0 

fis
h 

ar
e 

ca
ug

ht
, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 w
ee

k 
la

te
r 

20
 fi

sh
 a

re
 ca

ug
ht

 a
nd

 5
 a

re
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 E

st
im

at
e 

th
e 

nu
m

be
r o

f 
fis

h 
in

 th
e 

pa
rk

17
)

In
 a

 w
ild

lif
e 

pa
rk

, 6
0 

de
er

 a
re

 ca
ug

ht
, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 w
ee

k 
la

te
r 5

0 
de

er
 a

re
 ca

ug
ht

 a
nd

 4
 a

re
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 E

st
im

at
e 

th
e 

nu
m

be
r o

f d
ee

r i
n 

th
e 

pa
rk

18
)

In
 a

 w
ild

lif
e 

pa
rk

, 6
3 

ba
dg

er
s a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 w

ee
k 

la
te

r 4
0 

ba
dg

er
s a

re
 ca

ug
ht

 a
nd

 3
 a

re
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 E

st
im

at
e 

th
e 

nu
m

be
r o

f b
ad

ge
rs

 in
 th

e 
pa

rk

19
)

In
 a

 w
ild

lif
e 

pa
rk

, 1
2 

ra
bb

its
 a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 

w
ee

k 
la

te
r 3

0 
ra

bb
its

 a
re

 ca
ug

ht
 a

nd
 3

 a
re

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 
Es

tim
at

e 
th

e 
nu

m
be

r o
f r

ab
bi

ts
 in

 th
e 

pa
rk

20
)

In
 a

 w
ild

lif
e 

pa
rk

, 1
1 

ba
dg

er
s a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 w

ee
k 

la
te

r 2
0 

ba
dg

er
s a

re
 ca

ug
ht

 a
nd

 1
 is

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 E
st

im
at

e 
th

e 
nu

m
be

r o
f b

ad
ge

rs
 in

 th
e 

pa
rk

21
)

In
 a

 w
ild

lif
e 

pa
rk

, 1
5 

ba
dg

er
s a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 

w
ee

k 
la

te
r 1

0 
ba

dg
er

s a
re

 ca
ug

ht
 a

nd
 3

 a
re

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 
Es

tim
at

e 
th

e 
nu

m
be

r o
f b

ad
ge

rs
 in

 th
e 

pa
rk

22
)

In
 a

 w
ild

lif
e 

pa
rk

, 3
0 

de
er

 a
re

 ca
ug

ht
, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 w
ee

k 
la

te
r 

30
 d

ee
r a

re
 ca

ug
ht

 a
nd

 3
 a

re
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 E

st
im

at
e 

th
e 

nu
m

be
r 

of
 d

ee
r i

n 
th

e 
pa

rk

23
)

In
 a

 w
ild

lif
e 

pa
rk

, 1
5 

ra
bb

its
 a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 

w
ee

k 
la

te
r 2

0 
ra

bb
its

 a
re

 ca
ug

ht
 a

nd
 5

 a
re

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 
Es

tim
at

e 
th

e 
nu

m
be

r o
f r

ab
bi

ts
 in

 th
e 

pa
rk

24
)

In
 a

 w
ild

lif
e 

pa
rk

, 5
0 

ra
bb

its
 a

re
 ca

ug
ht

, m
ar

ke
d 

an
d 

re
le

as
ed

. A
 w

ee
k 

la
te

r 2
0 

ra
bb

its
 a

re
 ca

ug
ht

 a
nd

 2
 a

re
 fo

un
d 

to
 b

e 
m

ar
ke

d.
 E

st
im

at
e 

th
e 

nu
m

be
r o

f r
ab

bi
ts

 in
 th

e 
pa

rk

25
)

In
 a

 w
ild

lif
e 

pa
rk

, 3
0 

ph
ea

sa
nt

s a
re

 ca
ug

ht
, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 
w

ee
k 

la
te

r 4
0 

ph
ea

sa
nt

s a
re

 ca
ug

ht
 a

nd
 2

 a
re

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 
Es

tim
at

e 
th

e 
nu

m
be

r o
f p

he
as

an
ts

 in
 th

e 
pa

rk
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)

In
 a

 w
ild

lif
e 

pa
rk

, 7
 p

he
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an
ts

 a
re

 ca
ug

ht
, m

ar
ke

d 
an

d 
re

le
as

ed
. A

 w
ee

k 
la

te
r 1

0 
ph

ea
sa

nt
s a

re
 ca

ug
ht

 a
nd

 1
 is

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 E
st

im
at

e 
th

e 
nu

m
be

r o
f p

he
as

an
ts

 in
 th

e 
pa

rk

27
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In
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 w
ild

lif
e 

pa
rk

, 7
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re
 ca

ug
ht

, m
ar

ke
d 

an
d 
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le
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ed
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 w

ee
k 

la
te

r 4
0 

fis
h 

ar
e 

ca
ug

ht
 a

nd
 1
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 fo

un
d 

to
 b

e 
m

ar
ke

d.
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st
im

at
e 

th
e 

nu
m

be
r o

f f
ish

 in
 th

e 
pa

rk
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 a

 w
ild

lif
e 

pa
rk

, 3
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ra
bb

its
 a
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 ca

ug
ht

, m
ar

ke
d 

an
d 
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le
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ed

. A
 w

ee
k 

la
te

r 5
0 

ra
bb

its
 a
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 ca

ug
ht

 a
nd
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 a

re
 fo

un
d 

to
 b

e 
m

ar
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 E

st
im

at
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th
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nu
m

be
r o
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ts

 in
 th

e 
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rk
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 w
ild

lif
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pa
rk

, 2
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fis
h 

ar
e 

ca
ug

ht
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ar
ke
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d 
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le
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ed
. A

 w
ee

k 
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te
r 5
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fis

h 
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ca

ug
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un
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 b
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m
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f f
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e 
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rk
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, m
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 ca

ug
ht

 a
nd

 1
 is

 fo
un

d 
to

 b
e 

m
ar

ke
d.

 E
st

im
at

e 
th

e 
nu

m
be

r o
f r

ab
bi

ts
 in

 th
e 

pa
rk

C
H

E
C

K
 I

T
Es

tim
at

in
g 

po
pu

la
tio

n 
siz

e 
us

in
g 

th
e 

ca
pt

ur
e-

 re
ca

pt
ur

e 
m

et
ho

d

w
w

w
.m

at
hs

bo
x.

or
g.

uk



Purposeful Practice

Page 542

1.
Jo

hn
 is

 tr
yi

ng
 to

 w
or

k 
ou

t t
he

 to
ta

l 
nu

m
be

r o
f f

is
h 

in
 a

 la
ke

.
O

ne
 d

ay
 h

e 
ca

pt
ur

es
 1

0 
fis

h,
 m

ar
ks

 th
em

, 
an

d 
th

en
 re

tu
rn

s 
th

em
.

O
n 

th
e 

ne
xt

 d
ay

, h
e 

ca
pt

ur
es

 2
4 

fis
h 

an
d

fin
ds

 th
at

 3
 o

f t
he

m
 a

re
 m

ar
ke

d.
W

or
k 

ou
t a

n 
es

tim
at

e 
fo

r t
he

 to
ta

l n
um

be
r 

of
 fi

sh
 in

 th
e 

la
ke

. 

2.
S

op
hi

e 
is

 tr
yi

ng
 to

 w
or

k 
ou

t t
he

 to
ta

l 
nu

m
be

r o
f f

is
h 

in
 a

 la
ke

.
O

ne
 d

ay
 s

he
 c

ap
tu

re
s 

30
 fi

sh
, m

ar
ks

th
em

, a
nd

 th
en

 re
tu

rn
s 

th
em

.
O

n 
th

e 
ne

xt
 d

ay
, s

he
 c

ap
tu

re
s 

40
 fi

sh
an

d 
fin

ds
 th

at
 8

 o
f t

he
m

 a
re

 m
ar

ke
d.

W
or

k 
ou

t a
n 

es
tim

at
e 

fo
r t

he
 to

ta
l

nu
m

be
r o

f f
is

h 
in

 th
e 

la
ke

. 

3.
P

re
et

 is
 tr

yi
ng

 to
 w

or
k 

ou
t t

he
 to

ta
l 

nu
m

be
r o

f f
is

h 
in

 a
 la

ke
.

O
ne

 d
ay

 s
he

 c
ap

tu
re

s 
12

 fi
sh

, m
ar

ks
th

em
, a

nd
 th

en
 re

tu
rn

s 
th

em
.

O
n 

th
e 

ne
xt

 d
ay

, s
he

 c
ap

tu
re

s 
24

 fi
sh

an
d 

fin
ds

 th
at

 6
 o

f t
he

m
 a

re
 m

ar
ke

d.
W

or
k 

ou
t a

n 
es

tim
at

e 
fo

r t
he

 to
ta

l
nu

m
be

r o
f f

is
h 

in
 th

e 
la

ke
. 

4.
G

ra
ha

m
 is

 tr
yi

ng
 to

 w
or

k 
ou

t t
he

 to
ta

l 
nu

m
be

r o
f f

is
h 

in
 a

 la
ke

.
O

ne
 d

ay
 h

e 
ca

pt
ur

es
 1

8 
fis

h,
 m

ar
ks

 th
em

, 
an

d 
th

en
 re

tu
rn

s 
th

em
.

O
n 

th
e 

ne
xt

 d
ay

, h
e 

ca
pt

ur
es

 a
no

th
er

 
sa

m
pl

e 
of

 fi
sh

 a
nd

 fi
nd

s 
th

at
 4

0%
 o

f t
he

m
 

ar
e 

m
ar

ke
d.

W
or

k 
ou

t a
n 

es
tim

at
e 

fo
r t

he
 to

ta
l n

um
be

r 
of

 fi
sh

 in
 th

e 
la

ke
. 

Ca
pt
ur
e
- R
ec
ap
tu
re
: 
Es
ti
m
at
in
g 
Po
pu
la
ti
on
s

5.
A

 p
ar

k 
ha

s 
a 

po
pu

la
tio

n 
of

 d
uc

ks
. 2

0 
of

 th
e 

du
ck

s 
ar

e 
m

ar
ke

d 
w

ith
 ta

gs
.

A
 w

ee
k 

la
te

r, 
24

 d
uc

ks
 a

re
 c

au
gh

t. 
5 

of
 th

es
e 

du
ck

s 
ha

ve
 ta

gs
 o

n.

a)
 W

or
k 

ou
t a

n 
es

tim
at
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fo

r t
he
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be
r o

f d
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ks
 in

 th
e 

pa
rk

.

b)
S
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 th
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 h
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e 
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f d
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e 

w
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Ca
pt

ur
e 

&
 R

ec
ap

tu
re

A)
 A

 fi
sh

er
m

an
 c

at
ch

es
, t

ag
s 3

0 
fis

h 
&

 re
le

as
es

 th
em

 b
ac

k 
in

to
 a

 p
on

d.
Th

e 
ne

xt
 d

ay
, t

he
 fi

sh
er

m
an

 c
at

ch
es

 2
0 

fis
h 

&
 6

 o
f t

he
m

 a
re

 ta
gg

ed
.

Es
tim

at
e 

th
e 

fis
h 

po
pu

la
tio

n 
in

 th
e 

la
ke

.

C)
 In

 a
 n

at
io

na
l p

ar
k,

 D
r H

ow
e 

ca
tc

he
s,

 ta
gs

 &
 re

le
as

es
 4

0 
ea

gl
es

.
Th

e 
ne

xt
 d

ay
, D

r H
ow

e 
ca

pt
ur

es
 2

0 
ea

gl
es

. 4
 o

f t
ho

se
 e

ag
le

s a
re

 ta
gg

ed
.

1)
 E

st
im

at
e 

th
e 

ha
w

k 
po

pu
la

tio
n 

in
 th

e 
pa

rk
.

2)
 W

ha
t a

ss
um

pt
io

ns
 d

o 
w

e 
ne

ed
 to

 m
ak

e 
to

 e
st

im
at

e 
th

e 
po

pu
la

tio
n?

D)
 A

 sc
ie

nt
ist

 ta
gs

 &
 re

le
as

es
 5

0 
sa

la
m

an
de

r i
nt

o 
a 

riv
er

.
In

 a
 re

ca
pt

ur
e 

sa
m

pl
e,

 th
e 

sc
ie

nt
ist

 fi
nd

s 1
5 

ou
t o

f 4
0 

sa
la

m
an

de
rs

 a
re

 ta
gg

ed
.

Es
tim

at
e 

th
e 

sa
la

m
an

de
r p

op
ul

at
io

n 
in

 th
e 

riv
er

.

F)
 A

 sc
ie

nt
ist

 ta
gs

 &
 re

le
as

es
 2

00
 b

ee
s b

ac
k 

in
to

 a
 h

iv
e.

In
 a

 re
ca

pt
ur

e 
sa

m
pl

e,
 th

e 
sc

ie
nt

ist
 fi

nd
s 7

%
 o

f t
he

 b
ee

s a
re

 ta
gg

ed
.

Es
tim

at
e 

th
e 

be
e 

po
pu

la
tio

n 
in

 th
e 

hi
ve

.

G
) I

n 
a 

re
ca

pt
ur

e 
sa

m
pl

e,
 D

r W
ill

ia
m

s f
in

ds
 3

 o
ut

 o
f 9

0 
de

er
 a

re
 ta

gg
ed

.
Sh

e 
us

es
 th

is 
to

 e
st

im
at

e 
a 

de
er

 p
op

ul
at

io
n 

of
 3

00
. 

Ho
w

 m
an

y 
de

er
 w

er
e 

or
ig

in
al

ly
 ta

gg
ed

?

B)
 R

al
ph

 w
ai

ts
 2

 m
on

th
s b

et
w

ee
n 

ta
gg

in
g 

so
m

e 
fis

h 
in

 a
 p

on
d 

an
d 

th
en

 ta
ki

ng
a 

re
ca

pt
ur

e 
sa

m
pl

e.
 W

hy
 m

ig
ht

 th
is 

af
fe

ct
 th

e 
ac

cu
ra

cy
 o

f a
ny

 p
op

ul
at

io
n 

es
tim

at
e?

E)
 A

 m
ar

in
e 

bi
ol

og
ist

 ta
gs

 fi
sh

 u
sin

g 
a 

sh
in

y 
m

et
al

 ta
g 

on
 o

ne
 fi

n.
W

hy
 m

ig
ht

 th
is 

af
fe

ct
 th

e 
ac

cu
ra

cy
 o

f a
 c

ap
tu

re
-r

ec
ap

tu
re

 p
op

ul
at

io
n 

es
tim

at
e?

H)
 If

 w
e 

ta
g 

20
 in

di
vi

du
al

s f
ro

m
 a

 p
op

ul
at

io
n 

of
 1

80
, h

ow
 m

an
y 

in
di

vi
du

al
s d

o 
w

e
ex

pe
ct

 to
 b

e 
ta

gg
ed

 in
 a

 re
ca

pt
ur

e 
sa

m
pl

e 
of

 5
0?

Ca
pt

ur
e 

&
 R

ec
ap

tu
re

A)
 A

 fi
sh

er
m

an
 c

at
ch

es
, t

ag
s 3

0 
fis

h 
&

 re
le

as
es

 th
em

 b
ac

k 
in

to
 a

 p
on

d.
Th

e 
ne

xt
 d

ay
, t

he
 fi

sh
er

m
an

 c
at

ch
es

 2
0 

fis
h 

&
 6

 o
f t

he
m

 a
re

 ta
gg

ed
.

Es
tim

at
e 

th
e 

fis
h 

po
pu

la
tio

n 
in

 th
e 

la
ke

.

C)
 In

 a
 n

at
io

na
l p

ar
k,

 D
r H

ow
e 

ca
tc

he
s,

 ta
gs

 &
 re

le
as

es
 4

0 
ea

gl
es

.
Th

e 
ne

xt
 d

ay
, D

r H
ow

e 
ca

pt
ur

es
 2

0 
ea

gl
es

. 4
 o

f t
ho

se
 e

ag
le

s a
re

 ta
gg

ed
.

1)
 E

st
im

at
e 

th
e 

ha
w

k 
po

pu
la

tio
n 

in
 th

e 
pa

rk
.

2)
 W

ha
t a

ss
um

pt
io

ns
 d

o 
w

e 
ne

ed
 to

 m
ak

e 
to

 e
st

im
at

e 
th

e 
po

pu
la

tio
n?

D)
 A

 sc
ie

nt
ist

 ta
gs

 &
 re

le
as

es
 5

0 
sa

la
m

an
de

r i
nt

o 
a 

riv
er

.
In

 a
 re

ca
pt

ur
e 

sa
m

pl
e,

 th
e 

sc
ie

nt
ist

 fi
nd

s 1
5 

ou
t o

f 4
0 

sa
la

m
an

de
rs

 a
re

 ta
gg

ed
.

Es
tim

at
e 

th
e 

sa
la

m
an

de
r p

op
ul

at
io

n 
in

 th
e 

riv
er

.

F)
 A

 sc
ie

nt
ist

 ta
gs

 &
 re

le
as

es
 2

00
 b

ee
s b

ac
k 

in
to

 a
 h

iv
e.

In
 a

 re
ca

pt
ur

e 
sa

m
pl

e,
 th

e 
sc

ie
nt

ist
 fi

nd
s 7

%
 o

f t
he

 b
ee

s a
re

 ta
gg

ed
.

Es
tim

at
e 

th
e 

be
e 

po
pu

la
tio

n 
in

 th
e 

hi
ve

.

G
) I

n 
a 

re
ca

pt
ur

e 
sa

m
pl

e,
 D

r W
ill

ia
m

s f
in

ds
 3

 o
ut

 o
f 9

0 
de

er
 a

re
 ta

gg
ed

.
Sh

e 
us

es
 th

is 
to

 e
st

im
at

e 
a 

de
er

 p
op

ul
at

io
n 

of
 3

00
. 

Ho
w

 m
an

y 
de

er
 w

er
e 

or
ig

in
al

ly
 ta

gg
ed

?

B)
 R

al
ph

 w
ai

ts
 2

 m
on

th
s b

et
w

ee
n 

ta
gg

in
g 

so
m

e 
fis

h 
in

 a
 p

on
d 

an
d 

th
en

 ta
ki

ng
a 

re
ca

pt
ur

e 
sa

m
pl

e.
 W

hy
 m

ig
ht

 th
is 

af
fe

ct
 th

e 
ac

cu
ra

cy
 o

f a
ny

 p
op

ul
at

io
n 

es
tim

at
e?

E)
 A

 m
ar

in
e 

bi
ol

og
ist

 ta
gs

 fi
sh

 u
sin

g 
a 

sh
in

y 
m

et
al

 ta
g 

on
 o

ne
 fi

n.
W

hy
 m

ig
ht

 th
is 

af
fe

ct
 th

e 
ac

cu
ra

cy
 o

f a
 c

ap
tu

re
-r

ec
ap

tu
re

 p
op

ul
at

io
n 

es
tim

at
e?

H)
 If

 w
e 

ta
g 

20
 in

di
vi

du
al

s f
ro

m
 a

 p
op

ul
at

io
n 

of
 1

80
, h

ow
 m

an
y 

in
di

vi
du

al
s d

o 
w

e
ex

pe
ct

 to
 b

e 
ta

gg
ed

 in
 a

 re
ca

pt
ur

e 
sa

m
pl

e 
of

 5
0?
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� � Qu
es
tio
n	1

:	
Ha
nn
ah
	w
an
ts	
to
	es
tim

ate
	th
e	n
um

be
r	o
f	e
els
	in
	a	
lak
e.	

	
	

Sh
e	c
atc
he
s	a
nd
	ri
ng
s	5
0	e
els
.	

	
	

Sh
e	r
etu

rn
s	t
he
	50

	ee
ls	
to
	th
e	l
ak
e.	

	
	

Th
e	n
ex
t	d
ay
	H
an
na
h	c
atc
he
s	4
00
	ee
ls.
	

	
	

Of
	th
es
e	4
00
	ee
ls,
	10

	ar
e	r
ing

ed
.	

	
	

W
or
k	o
ut
	an
	es
tim

ate
	fo
r	t
he
	to
tal
	nu

mb
er
	of
	ee
ls	
in	
th
e	l
ak
e.	

	 Qu
es
tio
n	2

:	
To
m	
wa
nt
s	t
o	e
sti
ma

te	
th
e	n
um

be
r	o
f	w
oo
dli
ce
	in
	a	
gr
ee
nh
ou
se
.	

	
	

He
	ca
tch

es
	an
d	m

ar
ks
	32

	w
oo
dli
ce
.	

	
	

Th
e	w

oo
dli
ce
	ar
e	t
he
n	r
etu

rn
ed
	to
	th
e	g
re
en
ho
us
e.	

	
	

Th
e	n
ex
t	d
ay
	To
m	
ca
tch

es
	20

	w
oo
dli
ce
.	

	
	

8	o
f	t
he
se
	ar
e	m

ar
ke
d.	

	
	

W
or
k	o
ut
	an
	es
tim

ate
	fo
r	t
he
	to
tal
	nu

mb
er
	of
	w
oo
dli
ce
	in
	th
e	g
re
en
ho
us
e.	

Qu
es
tio
n	3

:	
A	s
cie
nt
ist
	w
an
ts	
to
	es
tim

ate
	th
e	t
ot
al	
nu
mb

er
	of
	Mis
h	i
n	a
	po
nd
.	

	
	

On
	Th

ur
sd
ay
,	s
he
	ca
tch

es
	18

0	M
ish
.	

	
	

Th
es
e	M
ish
	ar
e	m

ar
ke
d	a
nd
	re
tu
rn
ed
	to
	th
e	p
on
d.	

	
	

On
	Fr
ida
y,	
th
e	s
cie
nt
ist
	ca
tch

es
	30

5	M
ish
.	

	
	

45
	of
	th
es
e	M
ish
	ar
e	m

ar
ke
d.	

	
	

(a
)		W

or
k	o
ut
	an
	es
tim

ate
	fo
r	t
he
	to
tal
	nu

mb
er
	of
	Mis
h	i
n	t
he
	po
nd
	

	
	

	
	

	
(b
)		W

ha
t	a
ss
um

pt
ion

s	h
av
e	y
ou
	m
ad
e?
	

		 Qu
es
tio
n	4

:	
Da
rre
n	w

an
ts	
to
	es
tim

ate
	ho
w	
ma

ny
	gr
as
sh
op
pe
rs	
liv
e	i
n	a
	Mie
ld.
	

	
	

He
	ca
tch

es
	an
d	m

ar
ks
	24

	gr
as
sh
op
pe
rs.
	

	
	

He
	th
en
	re
lea
se
s	t
he
	gr
as
sh
op
pe
rs.
	

	
	

Th
e	n
ex
t	d
ay
,	D
ar
re
n	r
etu

rn
s	t
o	t
he
	sa
me

	Mie
ld	
an
d	c
ap
tu
re
s	5
1	g
ra
ss
ho
pp
er
s.	

	
	

7	o
f	t
he
se
	ha
ve
	be
en
	m
ar
ke
d.	

	
	

W
or
k	o
ut
	an
	es
tim

ate
	fo
r	t
he
	to
tal
	nu

mb
er
	of
	gr
as
sh
op
pe
rs	
in	
th
e	M
iel
d.	

Ex
am

ple
s

W
or
ko
ut
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Qu
es
tio
n	5

:	
He
ath

er
	ha
s	a
	la
rg
e	j
ar
	of
	je
lly
	be
an
s.	

	
	

	
	

	
He
ath

er
	w
an
ts	
to
	Min

d	a
n	e
sti
ma

te	
for
	th
e	t
ot
al	
nu
mb

er
	of
	je
lly
	be
an
s	i
n	t
he
	ja
r.	

	
	

Sh
e	t
ak
es
	ou
t	a
ll	t
he
	je
lly
	be
an
s	a
nd
	m
ar
ks
	20

0	o
f	t
he
m.
	

	
	

He
ath

er
	m
ixe
s	t
he
	je
lly
	be
an
s	a
nd
	pu

ts	
th
em

	ba
ck
	in
to
	th
e	j
ar.
	

	
	

He
ath

er
	th
en
	ta
ke
s	1
40
	je
lly
	be
an
s	f
ro
m	
th
e	j
ar.
	

	
	

3	o
f	t
he
	je
lly
	be
an
s	a
re
	m
ar
ke
d.	

	
	

He
ath

er
	th
en
	pu

ts	
all
	th
e	j
ell
y	b
ea
ns
	ba
ck
	in
to
	th
e	j
ar.
	

	
	

(a
)		W

or
k	o
ut
	an
	es
tim

ate
	fo
r	t
he
	nu

mb
er
	of
	je
lly
	be
an
s	i
n	t
he
	ja
r.	

	
	

(b
)		W

ha
t	a
ss
um

pt
ion

s	h
av
e	y
ou
	m
ad
e?
	

� Qu
es
tio
n	1

:	
Ch
ar
lot
te	
wa
nt
s	t
o	w

or
k	o
ut
	an
	es
tim

ate
	of
	th
e	n
um

be
r	o
f	Mi
sh
	liv
ing

	in
	a	
po
nd
.	

	
	

Sh
e	c
ap
tu
re
s	X
	Mis
h	a
nd
	ta
gs
	th
em

.	
	

	
Ch
ar
lot
te	
re
tu
rn
s	t
he
	Mis
h	t
o	t
he
	po
nd
.	

	
	

Th
e	n
ex
t	d
ay
	Ch

ar
lot
te	
ca
tch

es
	50

	Mis
h.	

	
	

Of
	th
es
e	5
0	M
ish
,	3
2	a
re
	ta
gg
ed
.	

	
	

Ch
ar
lot
te’
s	e
sti
ma

te	
of	
th
e	n
um

be
r	o
f	Mi
sh
	in
	th
e	p
on
d	i
s	1
25
.	

	
	

W
or
k	o
ut
	ho
w	
ma

ny
	Mis
h	C

ha
rlo
tte
	ta
gg
ed
,	X
.	

Qu
es
tio
n	2

:	
Ro
na
n	w

an
ts	
to
	es
tim

ate
	th
e	n
um

be
r	o
f	h
on
ey
	be
es
	in
	a	
be
eh
ive
.	

	
	

On
	W
ed
ne
sd
ay
,	R
on
an
	ca
tch

es
	66

0	h
on
ey
	be
es
	fr
om

	th
e	b
ee
hiv
e.	

	
	

He
	m
ar
ks
	th
e	h
on
ey
	be
es
	an
d	t
he
n	r
ele
as
es
	th
em

.	

	
	

On
	Th

ur
sd
ay
,	R
on
an
	ca
tch

es
	40

0	h
on
ey
	be
es
	an
d	n

ot
es
	ho
w	
ma

ny
	w
er
e	m

ar
ke
d.	

		 	
	

Ro
na
n	t
he
n	c
alc
ula
tes
	hi
s	e
sti
ma

te	
as
	22

,00
0	h

on
ey
	be
es
	in
	th
e	b
ee
hiv
e.	

	 	
	

Ho
w	
ma

ny
	of
	th
e	4
00
	ho
ne
y	b
ee
s	c
au
gh
t	o
n	T

hu
rsd

ay
	w
er
e	m

ar
ke
d?
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Qu
es
tio
n	3

:	
Rh
ys
	ha
s	a
	la
rg
e	t
ub
	of
	ye
llo
w	
co
un
ter
s.	

	
	

Al
ex
	ha
s	a
	la
rg
e	t
ub
	of
	bl
ue
	co
un
ter
s.	

	
	

40
	ye
llo
w	
co
un
ter
s	a
re
	ta
ke
n	f
ro
m	
Rh
ys
’	tu

b	a
nd
	pl
ac
ed
	in
to
	Al
ex
’s	
tu
b.	

	
	

40
	bl
ue
	co
un
ter
s	a
re
	ta
ke
n	f
ro
m	
Al
ex
’s	
tu
b	a
nd
	pl
ac
ed
	in
to
	Rh

ys
’	tu

b.	

	
	

Rh
ys
	ra
nd
om

ly	
se
lec
ts	
10
0	c
ou
nt
er
s	f
ro
m	
his
	tu
b.	

	
	

8	o
f	t
he
	10

0	c
ou
nt
er
s	a
re
	bl
ue
.	

	
	

Al
ex
	ra
nd
om

ly	
se
lec
ts	
50
	co
un
ter
s	f
ro
m	
his
	tu
b.	

	
	

48
	of
	th
e	5
0	c
ou
nt
er
s	a
re
	bl
ue
.	

	
	

Al
l	th

e	c
ou
nt
er
s	a
re
	th
en
	pl
ac
ed
	in
to
	on
e	t
ub
.	

	
	

W
or
k	o
ut
	an
	es
tim

ate
	fo
r	t
he
	ra
tio
	of
	ye
llo
w	
to
	bl
ue
	co
un
ter
s	i
n	t
he
	tu
b.	

Qu
es
tio
n	4

:	
A	s
cie
nt
ist
	w
an
ts	
to
	es
tim

ate
	th
e	n
um

be
r	o
f	li
on
s	l
ivi
ng
	in
	a	
re
gio
n.	

	
	

On
	Th

ur
sd
ay
,	h
e	l
oc
ate
s	a
nd
	ta
gs
	so
me

	lio
ns
.	

	
	

On
	Fr
ida
y	h
e	r
etu

rn
s	a
nd
	lo
ca
tes
	10

	le
ss
	lio
ns
	th
an
	he
	ha
d	o
n	T

hu
rsd

ay
.	

	
	

He
	no
tic
es
	th
at	
4	o
f	t
he
	lio
ns
	ar
e	t
ag
ge
d.	

	
	

Th
e	s
cie
nt
ist
	w
or
ks
	ou
t	a
n	e
sti
ma

te	
for
	th
e	t
ot
al	
nu
mb

er
	of
	lio
ns
	liv
ing

	in
	th
e		

	
	

re
gio
n.	

	
	

	
	

	
He
	no
tic
es
	th
at	
th
e	n
um

be
r	o
f	li
on
s	t
ha
t	h
e	h
ad
	ca
ug
ht
	on
	Th

ur
sd
ay
,	w
as
	a	
	
	

	
				
				
				
Mif
th
	of
	th
e	t
ot
al	
nu
mb

er
	of
	lio
ns
.	

	
	

Ho
w	
ma

ny
	lio
ns
	liv
e	i
n	t
he
	re
gio
n?
	

	 �
An
sw
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s
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